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This dissertation aimed to investigate the direct and indirect pathways between
body mass and three indicators of morbidity – health conditions, disability, and self-rated
health status – and how these associations differed across birth cohorts. Using data from
the Health and Retirement Study, a nationally representative longitudinal sample of
adults age 51 or older, I used latent growth curve modeling to investigate the association
of body mass on morbidity for five cohorts. Latent growth curve models allow for
changes in body mass, health conditions, disability, and self-rated health over several
waves of data to be assessed. To determine if the influence of education on health has
declined, I also stratified each cohort by educational attainment groups. The results show
that starting body mass is positively associated with starting health conditions; no other
pathway examined was significant for all cohorts. In the three youngest cohorts, higher
starting body mass was associated with worse self-rated health. Changes in body mass
over time were not significantly associated with changes in self-rated health over time for
the two youngest cohorts, perhaps indicating that adults at older ages do not perceive
higher body mass as detrimental to overall well-being. Education was a significant

predictor of body mass and self-rated health for all cohorts. When cohorts were stratified
based on educational attainment, adults with at least some college had fewer health
conditions than their less educated peers in all cohorts except the youngest cohort. The
relationship between the rate of change in body mass and the rate of change in health
conditions was not significant for the most educated group in the youngest cohort.
However, higher starting body mass resulted in worse self-rated health regardless of
cohort or education. Despite inconsistent findings, the results potentially support an
expansion of morbidity because the onset of illness does seem to be occurring at younger
ages. The effect of education on body mass and health was mostly consistent across
cohorts. Stratifying the data by educational attainment suggests that the youngest and
best educated cohort has not benefited from the increased level of education relative to
the older cohorts in the study
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INTRODUCTION

The interconnection between social change and individual change has been
extensively studied within sociology. Individuals may change through shifting social
experience, yet the ways in which people change may influence society itself.
According to Ryder (1965), one mechanism for social change is the cohort, a collection
of individuals who share a particular experience. Although these shared experiences are
typically due to being born during the same time period, new cohorts experience society
differently and interpret their social world accordingly. The motivations for this
dissertation research are based on a number of recent social changes – an aging
population, rising obesity rates, increases in the prevalence of chronic health conditions,
and increases in the levels of educational attainment.
The aging of the American population has been a widely discussed and debated
aspect of social change, primarily due to the oldest members of the large baby boomer
cohorts beginning to reach age 65. Researchers and forecasters have noted that the
population aged 65 or older is expected to more than double during the next 30 years
(Schoeni and Ofstedal 2010). And the percentage of the oldest old—persons age 80 or
older—is expected to grow at a faster rate than that of the young old—persons age 65 to
79 (Schoeni and Ofstedal 2010). Consequently, health in later life and its effect on
society have become concerns of researchers across a variety of disciplines, as well as
1

across the medical and public health institutions. Two leading concerns regarding the
health of the elderly, particularly among demographers, are the effects of increasing
obesity rates and increasing levels of educational attainment compared to previous
cohorts (Martin, Schoeni and Andreski 2010). While recent trends show improved health
and disability among persons age 65 or older, the same improvements have not been
found among the 40 to 64 population (Martin et al. 2010). Younger birth cohorts, relative
to older birth cohorts, are experiencing higher rates of obesity at younger ages (Leveille
et al. 2005; Reynolds and Himes 2007). Changes in obesity prevalence and its effect on
the health of the current and future elderly are important to study, particularly due to
compositional differences between birth cohorts.
Obesity in the United States has also received extensive attention in recent years
due to increased prevalence, as more than one third of American adults are considered
obese (Ogden et al. 2012; Wang and Beydoun 2007). This statistic is alarming as obesity
is correlated with numerous chronic conditions, including diabetes, hypertension, stroke,
heart disease, arthritis, and certain cancers (Bray 2004; Calle and Thun 2004; Field et al.
2001; Krueger et al. 2004; Leveille, Wee and Iezzoni 2005; Mokdad et al. 2003; Must et
al. 1999). An increased risk of chronic conditions leads to an increased mortality risk, as
obesity contributes to more than 100,000 additional deaths each year (Allison et al. 1999;
Flegal et al. 2005). Conversely, despite increasing obesity rates and the subsequent risk
of morbidity and mortality, the rates of mortality due to obesity-linked conditions have
declined, except for the excessively obese (Al Snih et al. 2007; Reuser, Bonneux and
Willekens 2009). Thus, it is possible that the number of years American spend living
with morbid conditions is increasing.
2

During the first decade of the 21st century, the average body mass index (BMI)
increased for all age groups among adults age 20 or older in the U.S., although the degree
of change varied based on age, sex, and race/ethnicity (Flegal et al. 2010). Age has been
positively correlated with increased likelihood of obesity, with the future and current
elderly (persons age 40 or older) experiencing a greater change in the prevalence of
obesity compared to adults under age 40 (Flegal et al. 2010). Additionally, the
prevalence of obesity among persons age 60 or older increased by almost 10 percent in
the last decade of the 20th century (Flegal et al. 2010), and more than 70 percent of
persons age 60 or older are considered either overweight or obese (Wang and Beydoun
2007). Other research has shown that the likelihood of being obese is greater for persons
in younger birth cohorts relative to persons in older birth cohorts (Leveille et al. 2005;
Reynolds and Himes 2007), potentially increasing the risk of chronic conditions or
disability for the future elderly.
Other recent trends in the health of the elderly indicate that mortality continued to
decline at the end of the 20th century (Verbrugge 1984). Disability and functioning loss
have also declined among the elderly (Crimmins 2004; Crimmins and Saito 2000;
Freedman et al. 2007). However, the prevalence of chronic conditions has been
increasing, likely due to increased survival (Christensen et al. 2009; Verbrugge 1984).
Links between body mass and morbidity among the elderly suggest that the likelihood of
reporting a chronic condition increases with body mass (Himes 2000), while links
between body mass and disability among the elderly indicate most measures of disability
are influenced by obesity (Himes 2000).

3

Given current trends in obesity and morbidity, as well as the growing elderly
population, it is important to investigate the effect of obesity on morbidity. Increasing
prevalence of obesity may alter the effect of obesity on morbidity, a relationship that may
also be changing over time. A cohort analysis will address how the relationship between
obesity and morbidity has changed over time. Additionally, increasing levels of
educational attainment among older persons over time may further modify the effect of
obesity on morbidity as the protective effect of education may be weakening, particularly
among younger birth cohorts (Martin et al. 2010).
This dissertation aims to investigate cohort differences in the effect of body mass
on morbidity and to investigate how the effect of body mass on morbidity differs by
educational attainment across birth cohorts, particularly in the transition from middle
adulthood to older adulthood. To my knowledge, no previous study of this nature exists.
The possible declining influence of educational attainment on the effect of obesity on
morbidity has also not been examined.
This dissertation is detailed in the subsequent chapters. Chapter 2 presents a
review of the relevant literature and the theoretical framework. Morbidity, referring to
the incidence of disease, illness, or sickness, is measured by a number of indicators,
including self-rated health status, health conditions, and disability (Parker and Thorslund
2007). The relationship among the various indicators of morbidity is complex and not
necessarily consistent. Regardless, each indicator of morbidity has been found to be a
proxy for morbidity as each reflects the incidence of disease, illness, or sickness. Three
primary frameworks conceptually explain how indicators of morbidity are connected.
First, the Nagi model revolves around a simplistic four-step process consisting of disease,
4

physical impairment, functional limitation, and disability (Nagi 1965; Nagi 1976). This
classic model argues that disease indirectly influences disability, where the relationship
between disease and disability is mediated by physical impairment and functional
limitations. This model also argues that disability is directly influenced by functional
limitations.
Second, the disablement process contains the primary pathways from diagnosis of
disease to disability, enhancing the Nagi model with three additional mechanisms—
predisposed risk factors, interventions, and exacerabators—that affect the disability
process (Verbrugge and Jette 1994). Predisposed risk factors shape an individual’s
likelihood of disease, physical impairment, functional limitations, or disability.
Interventions occur after the diagnosis of disease and are mechanisms to delay or prevent
the outcome of disability. Exacerbators refer to personal or societal responses that
aggravate the disablement process.
The third framework, the Johnson and Wolinsky model (1993), substantially
alters the Nagi model as it argues that disease has a direct effect on disability and
functional limitation. The Johnson and Wolinsky model (1993) also differs from the
other two models as it suggests that disability has a direct effect on functional limitation,
rather than the other way around. Perceived health status is included in the framework as
the outcome variable, noting that it is directly shaped by disease, disability, and
functional limitations.
Beyond the causal pathways between the indicators of morbidity, Chapter 2 also
discusses the links between obesity and morbidity and a number of factors that shape the
two. According to the morbidity process, obesity is a risk factor that directly shapes
5

disease (Crimmins 2004; Crimmins, Kim and Vasunilashorn 2010). The conceptual
framework for this dissertation is detailed in Chapter 2, and it proposes that body mass
directly influences each indicator of morbidity and some indicators of morbidity mediate
the relationship between obesity and other morbidity indicators. Chapter 2 concludes
with a list of hypotheses to be tested.
Chapter 3 provides a description of the data and the methods used in this
dissertation. Data were obtained from the Health and Retirement Study (HRS), a
nationally representative longitudinal sample of adults age 51 or older and their spouses.
The HRS data used in the analyses were collected over 10 waves, representing five birth
cohorts that span the turn of the 20th century to the early baby boomers. Combining the
various waves of the HRS allows for a longitudinal exploration for the onset of
morbidity, as well as an exploration of the causal effects of obesity on morbidity (Himes
2000).
Several indicators of morbidity are used in the analyses as body mass may
differentially influence each measure. These indicators may also influence one another.
The indicators of morbidity to be used in the analyses are: 1) health conditions; 2)
disability; and 3) self-rated health status. Individual body mass will be assessed by the
body mass index (BMI) statistic, detailed in Chapter 3.
A number of demographic, social, socioeconomic, occupation and health behavior
covariates are included in the analysis, as these variables indicate differences in
associated risks of high body mass and morbidity. Demographic, or individual level
characteristics, include age, sex, and race/ethnicity; social characteristics include
household living arrangements, such as marital status, living alone, number of living
6

children, and religious affiliation. Socioeconomic and occupation factors include years
of schooling, household income, home ownership, employment status, and occupation.
Two health behavior factors—smoking and physical activity—are included in the
analysis.
The analytic strategy consists of a two-step process. First, a longitudinal analysis
of the direct and indirect effects of body mass on morbidity was conducted. Specifically,
cohort differences in the effect of body mass on morbidity were investigated using latent
growth curve modeling (LGCM). This method allows for the inclusion of time-varying
measures; thus changes that occurred during the study can be examined. The second step
of the analytic strategy examined group differences, based on educational attainment, in
the direct effect of body mass on self-rated health by cohort. The purpose of this step is
to determine if the influence of higher levels of educational attainment has declined for
younger cohorts.
Results of the analyses are presented in Chapter 4, opening with a discussion of
the descriptive statistics for each cohort. This is followed by a presentation of the results
of the latent growth curve models produced to examine the direct effects of body mass on
health, as well as the indirect effects that mediate the relationship between body mass and
self-rated health by cohort. Another set of models shown in Chapter 4 estimates the
effect of the covariates on body mass and morbidity, with a specific focus on the
significance of education.
Chapter 5, the concluding chapter for this dissertation, discusses the analytical
findings from Chapter 4. The results have important theoretical implications concerning
aging and health, BMI and health, and education and health. Methodological
7

implications of the research include the assessment of the relationship between BMI and
health. Limitations of the research are discussed, followed by directions for future
research.

8

CHAPTER II
LITERATURE REVIEW

2.1

Cohorts, Aging, and Health
The interconnection between social change and individual change has been

extensively studied within sociology (Ryder 1965, Riley et al. 1972). Individuals may
change through shifting social experience, yet the ways in which people change may
influence society itself. According to Ryder (1965), one mechanism for social change is
the cohort, a collection of individuals who share a particular experience. Furthermore,
individuals within one cohort differ from individuals in preceding and succeeding cohorts
(Ryder 1965). Although most cohort research bases shared experiences largely on birth
periods, new cohorts experience society differently and interpret their social world
accordingly. Essentially new or younger cohorts with different experiences eventually
replace older cohorts, thus leading to social change.
Consequently, individuals in different cohorts experience aging in different ways.
One of the key theories linking cohorts and aging focuses on the social change that
occurs in successive cohorts (Riley et al. 1988). This theory argues that there are three
tenets of the aging process. The first tenet refers to the idea that social change is the
result of differences in aging by different cohorts (Riley et al. 1988). The second tenet
alludes to the notion that the differences in aging experienced by younger or newer
cohorts results in changes to the social structure (Riley et al. 1988). And the third tenet
9

recognizes that although aging and social change are linked, these processes do not
change at the same pace (Riley et al. 1988).
The process of aging and how it shapes health began to receive a great deal of
attention in the latter half of the 20th century with the introduction of three competing
theoretical perspectives on changing patterns of health among older adults. First, the
compression of morbidity theory essentially argues that increases in life expectancy
during the 20th century are linked to a delay in the onset of sickness or disability; thus
morbidity is compressed into fewer years and adults spend fewer years living with
disability (Fries 1980). Essentially, the compression of morbidity is concerned with the
age at onset of sickness or disability and the age of death, where the years between the
two are the period of morbidity. The compression of morbidity also argues that future
health care costs will be potentially reduced, even as the proportion of the elderly
population grows. Conversely, the expansion of morbidity theory argues that increases in
life expectancy result in an increase in the number of years living with chronic conditions
(Gruenberg 1977; Olshansky et al. 1991). This perspective argues that the onset of
illness or disability will not be delayed, yet the effects of medical technology will allow
individuals to live to older ages by delaying death from earlier diagnosed conditions or by
contracting another chronic disease later in life. A third theory, the dynamic equilibrium
theory, argues that despite increased life expectancy, medical technology and intervention
and healthier lifestyles delay the onset and progression of morbidity and disability
(Manton 1982). Essentially, this perspective posits that average age of onset of illness
and disability would increase.

10

2.2

Defining Morbidity
Morbidity, referring to the presence and type of disease, sickness, or illness, is

frequently used as an indicator of health. Consequently, the presence of morbidity may
be synonymous with unhealthiness. Morbidity is measured by multiple indicators, thus
leading to inconsistencies in research findings (Christensen et al. 2009). The most
common indicators of morbidity found in prior research are self-rated health status, selfreported health items, functional impairment, and disability (Parker and Thorslund 2007).
Self-rated health (SRH) status, also referred to as self-reported health status or
perceived health status, is a subjective measure of individual health status. SRH status is
commonly measured by a single survey question that asks respondents to rate their health
on a five-point scale as excellent, very good, good, fair, or poor. As a result, SRH status
is possibly the most consistently measured and used indicator of morbidity, although
some studies with smaller sample sizes group the responses as excellent/very good/good
and fair/poor (Dowd and Zajacova 2010).
Self-reported health conditions, or self-reported morbidity, refer to the self-reports
of various health items, including the presence of common chronic conditions, such as
heart disease or arthritis, or the presence of symptoms commonly linked to chronic
conditions, such as high cholesterol or kidney problems. Like self-rated health status,
self-reported health conditions tend to rely on yes or no responses to a series of survey
questions beginning with, “Has a physician ever told you…,” followed by a checklist of
specific chronic conditions or symptoms. Self-reported health conditions have been
found to be stronger predictors of morbidity than physician-measured health conditions
(Ferraro and Farmer 1999). Various health items have been analyzed individually and
11

collectively, resulting in some discrepancies in measured outcomes. Collective analyses
of self-reported health conditions also indicate the effects of comorbidity, the presence of
more than one chronic condition. Consequently, analyses of self-reported health
conditions may differentiate between serious or life-threatening conditions, such as
cancer, diabetes, heart attack/heart failure, hypertension, and stroke, and all other chronic
conditions (Ferraro and Wilmoth 2000).
Defining disability is more complicated. Although disability is perceived as
distinct from functional limitations, the terms tend to be used interchangeably or to be
inconsistently operationalized in practice (Freedman et al. 2004; Jette 2006; Verbrugge
and Jette 1994). Thus, separating the two is often challenging. A few conceptual
frameworks seem to best differentiate the two concepts in terms of definition and in terms
of their relationship to each other and other indicators of morbidity. Two conceptual
frameworks of disability suggest that disability is the consequence of a process that
begins with disease and progresses to functional limitations, with functional limitations
having a direct effect on disability (Nagi 1965; Nagi 1976; Verbrugge and Jette 1994).
These frameworks tend to designate disability as a social construct as individuals
experience limitations in performing socially-defined tasks, although not all functional
limitations result in disability (Fried et al. 2004; Jette 2006; Nagi 1965; Nagi 1976;
Verbrugge and Jette 1994). Another framework suggests that disability is a direct
outcome of disease and that functional limitations are caused by disability (Johnson and
Wolinsky 1993). In practice, however, disability is defined as the ability to
independently perform various daily tasks or activities or as the ability to perform various
daily tasks or activities with some type of assistance (Freedman et al. 2004). Functional
12

limitations are restricted physical or mental abilities that mediate the relationship between
disease and disability (Nagi 1965; Nagi 1976; Verbrugge and Jette 1994). For example,
difficulty in walking, a physical activity, may be the result of arthritis, and in turn,
difficulty in walking may, over time, be considered a disability as an individual may
become less likely to perform the task independently.
Two measurement scales are prevalent in previous studies of disability
(Christensen et al. 2009; Freedman, Martin and Schoeni 2002; Parker and Thorslund
2007). The most common indicator of disability is the activities of daily living scale
(ADL), an index developed by Katz and colleagues (1963), and it consists of the ability
to perform six tasks: bathing, dressing, eating, going to the toilet, transferring in and out
of bed or a chair, and continence. The instrumental activities of daily living scale
(IADL), developed by Lawton and Brody (1969), consists of the ability to perform eight
tasks: using a telephone, shopping, food preparation, housekeeping, laundry, driving or
traveling on public transportation, taking medication, and financial management. IADL
tasks are more complex than the ADL tasks, tend to require assistance before the ADL
tasks, and indicate deterioration in health status over time (Parker and Thorslund 2007).
Studies using ADL and IADL indices are not consistent in the use of included tasks, most
likely due to data availability and to differences in variable operationalization
(Christensen et al. 2009; Parker and Thorslund 2007).
2.3

The Relationship between Morbidity and Mortality
An important reason to study morbidity is its link to mortality, particularly since

changes in morbidity resulted in changes to mortality. During the 20th century, the
United States and many other countries experienced striking change in disease patterns,
13

where the leading causes of death shifted from acute and infectious diseases (i.e.,
communicable diseases) to chronic diseases (i.e., non-communicable). This pattern was
described in the three-stage epidemiologic transition postulated by Omran (1971). The
third stage of the epidemiologic transition is known as the age of degenerative and manmade disease and is characterized by individual diet, physical activity, and health
behaviors that influence overall health. The age of degenerative and man-made disease
roughly began around 1930 in the United States, brought about continued mortality
decline, continued increases in life expectancy, and dramatic alterations to the age
structure (Omran 1971). It is during this stage that heart disease and cancer became the
leading causes of death. Consequently, the medical profession targeted these two
diseases in order to improve life expectancy, and lifestyle became an emphasis in
prevention as result (Rogers and Hackenberg 1987). A fourth stage of the epidemiologic
transition, proposed by Olshansky and Ault (1986) and known as the age of delayed
degenerative disease, accounted for declines in heart disease, cancer, and other
degenerative diseases that occurred in the latter decades of the 20th century. This fourth
stage of the transition also recognized the shift of degenerative diseases to older ages due
to increased life expectancy (Olshansky and Ault 1986).
There are two principal implications of this fourth stage in the epidemiologic
transition. First, the elderly population will experience growth in both absolute size and
relative proportion (Olshansky and Ault 1986; Olshansky et al. 1991). Second, the
quality of the health of the elderly becomes a concern (Olshansky and Ault 1986;
Olshansky et al. 1991). Essentially, the elderly will either experience improved quality
with fewer years of morbidity as the average age of the onset of illness will be delayed
14

(Fries 1980), or the elderly may experience worsening quality by spending more years
living with poor health (Verbrugge 1984). This fourth stage also raises the question of
increased disability if the elderly’s health quality worsens, so that the average age at
onset of illness is not delayed and the elderly live more years with health conditions
linked to disability.
Empirical studies indicate that the prevalence of chronic conditions has been
increasing, likely due to increased survival (Christensen et al. 2009; Verbrugge 1984).
Specifically, the prevalence and incidence of diabetes, heart disease, and hypertension
have increased, particularly for persons aged 45 to 64 (Verbrugge 1984). The prevalence
and incidence of some cancers, such as colon, prostate and breast, have also increased,
while other cancers, such as lung cancer, have declined (Verbrugge 1984). Freedman and
Martin (2000) noted that persons age 70 or older experienced an increase in chronic
conditions, yet a decline in functional limitations. Health conditions, such as stroke,
arthritis, hypertension, are also strongly associated with disability (Kelley-Moore and
Ferraro 2004).
Among the elderly, self-rated health status is a powerful predictor of mortality,
even when controls for medical conditions, functional limitations, weight, and smoking
are included in the analyses (Ferraro and Farmer 1999; Ferraro and Wilmoth 2000).
Recent trends indicate that fewer elderly persons perceive their health as fair or poor
(Crimmins 2004; Ferraro and Yu 1995); thus there is potential variation across birth
cohorts.
Trends in disability among the elderly also show some inconsistencies. Overall,
the incidence of disability declined during the 1980s and 1990s (Crimmins 2004;
15

Crimmins, Saito and Ingegneri 1997; Freedman et al. 2002; Manton, Corder and Stallard
1997; Manton and Gu 2001; Schoeni, Freedman and Wallace 2001; Waidmann and Liu
2000). ADLs largely remained constant during this same time period, while IADLs
declined (Crimmins et al. 1997; Freedman et al. 2002; Schoeni et al. 2001; Waidmann
and Liu 2000). Trends in age-adjusted ADLs among the elderly show conflicting results
as some studies indicated declines (Manton et al. 1997; Manton and Gu 2001) and
another indicated increases (Freedman and Martin 1999). Similarly, age-adjusted IADLs
either declined (Manton et al. 1997; Manton and Gu 2001) or remained constant
(Freedman and Martin 1999). Yet, the prevalence of disability has increased (Crimmins
2004). The average number of ADL limitations increased among the elderly as more
elderly persons indicated that some sort of assistance was needed to carry out ADL tasks
(Lakdawalla, Bhattacharya and Goldman 2004). Conversely, the average number of
IADL limitations declined among the elderly (Crimmins and Saito 2001; Martin et al.
2010). The age-adjusted institutionalized elderly population has declined (Manton et al.
1997; Manton and Gu 2001), even as the institutionalized elderly population remained
relatively steady (Waidmann and Liu 2000), a possible indication that the disability status
of the elderly is improving.
Trends of functional limitations have been primarily positive. The percentage of
elderly exhibiting only functional limitations increased in the 1990s (Parker and
Thorslund 2007; Waidmann and Liu 2000), yet there was a decline in the average number
of physical tasks that the elderly experienced difficulty in performing (Crimmins and
Saito 2001). Difficulty with several specific physical tasks, including climbing a flight of
stairs, walking a quarter mile, lifting and carrying, stooping, crouching, and kneeling,
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have declined among the elderly (Freedman and Martin 1998; Freedman and Martin
1999). At the same time, the elderly experienced declines in cognitive impairment and
vision impairment (Freedman and Martin 1998; Freedman and Martin 1999; Freedman et
al. 2002). Deafness and blindness among the elderly remained relatively unchanged
(Crimmins and Saito 2000). Additionally, Freedman and Martin (2000) argued that
functional limitations would have declined more had obesity rates not increased,
suggesting that increasing obesity rates among older persons will accelerate the onset of
disability.
2.4

The Relationship between Disease and Disability
Literature on the relationship between disease and disability is not in agreement.

Some frameworks argue that disability is shaped indirectly by disease and directly by
functional limitations (Nagi 1965; Nagi 1976; Verbrugge and Jette 1994), while another
framework argues that self-rated health is shaped both directly and indirectly by disease,
disability, and functional limitations (Johnson and Wolinsky 1993). Some empirical
studies have indicated that self-rated health status and self-rated health conditions are
predictors of disability (Crimmins 2004; Himes 2000; Kelley-Moore 2006), thus
challenging the primary frameworks of disability.
The earliest framework for disability, known as the Nagi model, revolves around
a simplistic four-step process consisting of disease, physical impairment, functional
limitation, and disability (Nagi 1965; Nagi 1976). Figure 2.1 illustrates the Nagi model.
Enhanced versions of the Nagi model attempt to address other factors that shape disease
and disability. The disablement process framework, shown in Figure 2.2, builds upon the
classic Nagi model by presenting a more comprehensive model of disability (Verbrugge
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and Jette 1994). This more comprehensive model of disability acknowledges three
additional mechanisms that may shape the likelihood of disability: predisposed risk
factors, interventions, and exacerbators. First, demographic, social, behavioral,
environmental, and biological risk factors that predispose an individual to disease,
impairments, functional limitations, and disability are considered (Verbrugge and Jette
1994). Interventions are another key mechanism of the disablement process model.
While risk factors are fixed prior to diagnosis of a chronic or pathological condition,
interventions refer to attempts to minimize and potentially reverse outcomes that occur at
some point after the disablement process has begun (Verbrugge and Jette 1994). The
final supplementary key mechanism of the disablement process model is known as
exacerbators, referring to personal responses to disability such as social pathologies,
societal restrictions encountered by the disabled (e.g., job discrimination), or
unsuccessful interventions (Verbrugge and Jette 1994). Thus, the primary contribution of
the disablement process model is the recognition that there are marked differences in the
likelihood of disability based on individual exposures to risk factors, that it is possible to
alter the magnitude and direction of the pathways of the disablement process through
interventions, and that the disablement process may become aggravated by negative
reactions to the pathways or interventions. As a result, it is highly possible that
individual disease, functional limitations, and disability may vary over time, but not
necessarily in the direction of disability. Individual exposure to risk factors may also
affect interventions and exacerbators, a notion not discussed in the disablement process
model.
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Figure 2.1

Impairment

Functional
Limitation

Disability

The Nagi Model

Note: Adapted from “Some Conceptual Issues in Disability and Rehabilitation” (Pp. 100113), by Saad Nagi in Sociology and Rehabilitation, edited by M. B. Sussman. 1965.
Washington, D.C.: American Sociological Association.

Figure 2.2

The Disablement Process Model

Note: Adapted from “The Disablement Process” by Lois M. Verbrugge and Alan M.
Jette. 1994. Social Science & Medicine 38(1):4.

Another variation of the Nagi model (Nagi 1965; Nagi 1976) reflects a more
complex model by considering the correlations among pathological conditions, functional
limitations, disability, and perceived health. The Johnson and Wolinsky model (1993)
substantially alters the original Nagi model (Nagi 1965; Nagi 1976) by creating more
direct pathways between the components of their model, by adding perceived health as
the dependent variable in their model, and by flipping disability and functional limiations
so that disability influences functional limitations (rather than vice versa). The Johnson
and Wolinsky model (1993), shown in Figure 2.3, creates a direct pathway between
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disease and disability, rather than an indirect path as found in the Nagi model (Nagi 1965;
Nagi 1976). Disability shifts from the final step to the second step in the Johnson and
Wolinsky model (1993). Functional limitations are the third step in the Johnson and
Wolinsky model (1993), yet there are both direct and indirect pathways from disease
where the indirect pathway is mediated by disability.

Figure 2.3

Johnson and Wolinsky Conceptual Model

Note: Adapted from “The Structure of Health Status among Older Adults: Disease,
Disability, Functional Limitation, and Perceived Health”by Robert J. Johnson and Fredric
D. Wolinsky. 1993. Journal of Health and Social Behavior 34(2):108.

Perceived health is the last step in the model with direct pathways from each of
the other three steps, as well as indirect pathways from disease and disability. Perceived
health status is an important factor that functions as a proxy for physical and mental
health status for three reasons (Ferraro and Yu 1995; Johnson and Wolinsky 1993). First,
in self-assessments of health status respondents likely consider a reference group,
comparing their own health to that of their peers (Borawski, Kinney and Kahana 1996;
Kelley-Moore et al. 2006). Second, individual interpretations of health may go beyond
disease by including the participation in viable social roles (Bryant, Corbett and Kutner
2001; Kelley-Moore et al. 2006). Third, persons with high levels of social support are
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more likely to perceive themselves as healthy (Kelley-Moore et al. 2006; Ross and
Mirowsky 2002). It is also expected that disease, disability, and functional limitations
shape perceived health status (Ferraro and Yu 1995; Johnson and Wolinsky 1993). For
example, clinical diagnosis of diabetes is likely to influence an individual’s perceived
health status, potentially lowering it from excellent or very good or good to fair or poor.
The presence of more than one disease tends to lower self-rated health status (Ferraro and
Yu 1995).
The morbidity process (Crimmins 2004; Crimmins et al. 2010) is yet another
framework suggesting that disease has an indirect effect on disability. Similar to the
disablement process (Verbrugge and Jette 1994), the morbidity process, shown in Figure
2.4, argues that disease is shaped by biological risk factors, such as obesity (Crimmins
2004; Crimmins et al. 2010). The relationship between obesity and morbidity is
discussed in the following section.

Risk
Factors

Diseases,
Conditions,
Impairments

Figure 2.4

The Morbidity Process

Functioning
Loss

Disability

Death

Note: Adapted from “Trends in the Health of the Elderly” by Eileen M. Crimmins, 2004.
Annual Review of Public Health 25:82.
2.5

The Relationship between Obesity and Morbidity
There is a vast amount of literature regarding the effects of obesity on health. The

majority of the literature emphasizes that obesity is a risk factor for the onset of disease
and has a direct effect on numerous health conditions (Crimmins 2004; Crimmins et al.
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2010). Additionally, obesity is considered a modifiable risk factor, suggesting that body
mass can be changed through physical activity and a nutritionally-balanced diet, or
through more extreme measures such as surgery, so that the obese become non-obese.
Empirical studies indicate that a number of health conditions are influenced by obesity.
These health conditions include, but are not limited to, heart disease (Bray 2004; Field et
al. 2001; Must et al. 1999), diabetes (Bray 2004; Field et al. 2001; Krueger et al. 2004;
Mokdad et al. 2003; Must et al. 1999), hypertension (Bray 2004; Field et al. 2001;
Mokdad et al. 2003; Must et al. 1999), arthritis (Bray 2004; Leveille et al. 2005; Mokdad
et al. 2003; Must et al. 1999), and some cancers (Bray 2004; Calle and Thun 2004; Field
et al. 2001; Must et al. 1999). Obesity may have both direct and indirect effects on some
health conditions. For example, obesity is a risk factor for heart disease. Consequently,
obesity increases the risk for hypertension (Bray 2004; Field et al. 2001; Mokdad et al.
2003; Must et al. 1999) and diabetes (Bray 2004; Field et al. 2001; Krueger et al. 2004;
Mokdad et al. 2003; Must et al. 1999), which are both risk factors for heart disease
(Kelley-Moore and Ferraro 2004). On a positive note, a recent study observed that rates
of hypertension and cholesterol seem to be stabilizing, most likely due to increases in
early detection and the use of medication to manage these conditions (Crimmins et al.
2010). Additionally, the obese tend to report more chronic conditions, and at least one
serious illness such as cancer, diabetes, or heart disease, compared to the non-obese
(Ferraro and Yu 1995). Although there are strong links between obesity and various
health conditions, the effect of obesity varies by individual condition. For example,
diabetes and arthritis are most commonly associated with excess weight (Himes 2000;
Krueger et al. 2004; Leveille et al. 2005).
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Other studies have focused on the effect of obesity on subjective ratings of health
status, primarily self-rated health status. The obese are less likely than the non-obese to
report or rate their health status as excellent, very good, or good (Crimmins et al. 2010;
Ferraro and Yu 1995; Mokdad et al. 2003). Self-rated health also tends to be highly
correlated with functional limitations and morbid conditions (Ferraro and Yu 1995;
Johnson and Wolinsky 1993).
Obesity is linked to disability as the obese are more likely to experience difficulty
or limitations with various tasks than the non-obese (Al Snih et al. 2007; Crimmins et al.
2010). Similarly, in a study of adults age 70 or older, Reynolds and McIlvane (2008)
found the obese to have a greater likelihood of disability compared to the non-obese.
Similar findings were reported by Reynolds, Saito, and Crimmins (2005). A crosssectional study of adults age 55 or older conducted by Reuser, Bonneaux, and Willekens
(2009) found that obesity expanded the number of years spent with disability, but did not
increase the likelihood of mortality. And the mean age at the onset of disability tends to
be lower for the obese compared to the non-obese (Al Snih et al. 2007). Obesity among
adults age 65 or older in England resulted in a greater risk for disability, but not
morbidity, compared to other body mass category groups (Lang et al. 2008). Alley and
Chang (2007) used the National Health and Nutrition Examination Survey (NHANES) to
compare the effect of body mass on disability among persons aged 60-75. Their results
indicated that the likelihood of disability was greatest among the obese, and the
probability of disability increased among the obese between the two time points observed
in their analysis (Alley and Chang 2007).
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Even given the equivocal findings concerning the relationship between obesity
and various measures of morbidity, the obese have a lower quality of life in that the obese
tend to spend more days in bed due to illness compared to the non-obese (Ferraro and Yu
1995). Obesity is also positively correlated with some functional limitations, such as
walking or climbing stairs, among the elderly (Alley and Chang 2007; Himes 2000; Lang
et al. 2008).
The studies discussed in this section are difficult to compare because they
measure different age groups at different time periods and do not similarly measure
morbidity. These studies also tend to be cross-sectional; thus, changes in the effect of
obesity and other body mass categories on morbidity and disability over time are not
captured. Himes (2000), Alley and Chang (2007) and Reuser et al. (2009) specifically
note the importance of a longitudinal analysis to examine age and cohort differences in
the effect of obesity on morbidity and disability, particularly due to increasing prevalence
of obesity among older persons. Likewise, Alley and Chang (2007) remark that higher
levels of educational attainment may alter the effect of obesity on morbidity and
disability, while Martin, Schoeni, and Andreski (2010) note that changing trends in
obesity and education may explain changing trends in morbidity and disability. Thus, it
is important to consider how educational attainment shapes the effect of obesity on
morbidity over time, controlling for other socioeconomic variables.
However, the relationship between obesity and morbidity is rather complex.
While obesity tends to have both direct and indirect effects on morbidity, there are a
number of other factors that shape obesity and morbidity, as well as the relationship
between them. These influential factors are discussed in the subsequent section.
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2.6

Factors Associated with Differences in Obesity and Health
Explaining differences in the effect of obesity on morbidity and disability is rather

complex as demographic, socioeconomic, psychosocial, and behavioral factors shape the
differentials. A number of theoretical frameworks have been proposed to explain the
links between the numerous factors and health (Cockerham 2005; Ferraro and KelleyMoore 2003; House 2002; Johnson and Wolinsky 1993; Link and Phelan 1995; Rogers,
Hummer and Nam 2000; Verbrugge and Jette 1994; Williams, Neighbors and Jackson
2003). This section discusses some of the key factors that shape obesity and morbidity.
2.6.1

Demographic and Social Factors
Demographic factors of age, sex, and race/ethnicity are well-studied in their links

to morbidity, and to a lesser extent, obesity. These factors tend to be included in most
frameworks of health, usually as a baseline for differences in health and where their
effects tend to be mediated by other factors.
Age is positively associated with morbidity and disability (Crimmins, Hayward
and Saito 1996; Manton et al. 1997). Increasing age has also been linked to increasing
body mass; thus, risk of obesity increases with age. However, the association is not
strictly linear. Body mass tends to peak around age 65 (Botoseneanu and Liang 2011;
Flegal et al. 2010). Yet the rate of increase in body mass by age is not the same for all
population subgroups (Botoseneanu and Liang 2011).
Sex differences in health, health behaviors, and health outcomes are wellestablished in the literature (Case and Paxson 2005; Reuser et al. 2009; Rogers et al.
2010). The phrase “women get sicker, but men die quicker” reflects that women live
longer with disabling non-fatal chronic conditions, such as arthritis (Case and Paxson
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2005). Conversely, men are more likely to die from chronic fatal conditions before
reaching a state of disability (Case and Paxson 2005). There are some sex differences in
chronic disease, particularly cancer. Women are more likely to be diagnosed with breast
and cervical, while men are more likely to be diagnosed with lung cancer (Case and
Paxson 2005).
Men with disability are more likely to die than are women with disability
(Crimmins et al. 1996). Women also report worse self-rated health compared to men,
although sex differences in self-rated health tend to converge upon reaching age 65 (Case
and Paxson 2005). Likewise, women have higher hospitalization rates compared to men,
although the hospitalization rates of men surpass those of women around age 65 (Case
and Paxson 2005).
The risk of being obese also differs between men and women. Higher rates of
obesity are found among women, regardless of age or race/ethnicity (Flegal et al. 2010;
Wang and Beydoun 2007). Women are more likely to experience morbid obesity
compared to men (Flegal et al. 2010; Wang and Beydoun 2007). These findings are
attributed to gender differences in socioeconomic status, psychosocial factors, and
behavioral factors (Carroll et al. 2010).
Racial and ethnic differences in health, health behaviors, and health outcomes are
also well-established. Most research tends to focus on black-white differences (Rogers
1992), although Hispanics are more recently becoming studied separately due to growth
of the Hispanic population of the United States. The effect of race on health largely
operates through socioeconomic status, a topic that has received a great deal of focus in
the literature although it does not completely explain racial differences (Rogers 1992).
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Updated frameworks have added psychosocial effects, namely racism and discrimination
such as residential segregation or housing located near toxic waste sites or major
roadways, to explain racial differences in health between blacks and non-blacks (House
2002; Williams et al. 2003). Explanations for racial and ethnic disparities in health have
also been attributed to cultural differences, such as variations in cultural norms about
body size (Allan et al. 2007), diet (Wardle et al. 2004), and health care use (Saha et al.
2003).
Non-Hispanic whites tend to live longer on average than non-Hispanic blacks.
Hispanics, however, tend to have life expectancy at birth similar to that of non-Hispanic
whites despite having socioeconomic characteristics similar to those of non-Hispanic
blacks, a phenomenon labeled the Hispanic paradox (Markides and Coreil 1986). Asian
Americans have the highest life expectancy compared to other racial groups, while
Native Americans tend to have life expectancy similar to that of blacks (Lewis and BurdSharps 2014). Additionally, the leading causes of death differ by sex-race group (United
States Department of Health and Human Services 2012), potentially indicating that
different racial and ethnic groups are not equally exposed to health risk factors.
Blacks tend to live longer with chronic conditions compared to non-blacks
(Farmer and Ferraro 2005; Hayward and Heron 1999). Blacks, compared to whites, also
experience higher rates of some chronic conditions, such as hypertension (Crimmins et al.
2010; Williams 1992), diabetes (Crimmins et al. 2010; Rogers 1992), stroke (Crimmins
et al. 2010), and congestive heart failure (Crimmins et al. 2010). One exception seems to
be high cholesterol as blacks tend to experience lower levels compared to whites
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(Crimmins et al. 2010). Blacks also tend to report lower levels of self-rated health
compared to non-blacks (Farmer and Ferraro 2005).
The prevalence of disability is greatest among blacks and Native Americans and
lowest among Asian Americans (Hayward and Heron 1999). Whites and Hispanics
experience similar prevalence of disability rates that fall between the highest and the
lowest groups (Hayward and Heron 1999). Blacks also experience disability at a faster
rate of change compared to non-blacks (Kelley-Moore and Ferraro 2004), resulting in a
widening black-white disability gap.
Rates of overweight and obesity among non-Hispanic whites tend to be lower
than those found among non-Hispanic blacks and Hispanics (Boardman et al. 2005;
Flegal et al. 2010; Wang and Beydoun 2007). However, the prevalence of obesity is
increasing among all racial groups (Mokdad et al. 2003; Wang and Beydoun 2007).
Recent trends indicate improvements in the relationship between race and
disability as overall disability has declined for both whites and nonwhites (Schoeni et al.
2001). Previously, the racial gap in the prevalence of ADLs and IADLs between blacks
and non-blacks widened in the 1980s and narrowed in the 1990s (Manton and Gu 2001).
Similarly, the racial gap in institutionalized elderly persons between blacks and nonblacks widened, then narrowed (Manton and Gu 2001). All racial and ethnic groups
experienced declines in functional limitations of walking, lifting, and climbing, as well as
in cognitive and vision impairments (Freedman and Martin 1998). However, the rate of
decline has not been equal, as the decline in cognitive impairment was greater for
nonwhites than whites and the declines in functional limitations and vision impairment
were greater for blacks than non-blacks (Freedman and Martin 1998).
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Beyond age, sex, and race characteristics, social characteristics shape health
outcomes. The link between social characteristics and health is rooted in Durkheim’s
study of suicide and social integration (Durkheim 1951). Social characteristics, such as
marital status, family composition, friends, community ties, and religion, also shape
morbidity (House, Landis and Umberson 1988; Ross, Mirowsky and Goldsteen 1990)
and obesity (Ferraro, Thorpe and Wilkinson 2003). Marriage is believed to have a
protective effect on health, as married persons tend to live longer than the unmarried
(Carroll et al. 2010; Lillard and Panis 1996; Rogers et al. 2000). This protective effect of
marriage is stronger for men than for women, however (Carroll et al. 2010; Lillard and
Panis 1996; Rogers et al. 2000). While marriage has a protective effect, divorce and the
death of a spouse tend to negatively affect health (Carroll et al. 2010).
According to Ross and colleagues (1990), there are several reasons for the
protective effect of marriage. First, marriage potentially reduces stress, thus staving off
stress-related illness. Second, marriage provides caregiving. Third, marriage encourages
self-protective behaviors in general. Fourth, marriage tends to result in greater material
resources.
Social relations besides marriage also positively affect health. Family size,
relatives and friends, and community involvement affect health, particularly mental
health. For older adults, not living alone (Ross et al. 1990), having close ties to family
(Ross and Mirowsky 2002), or religious involvement (Benjamins 2004) have positive
effects on self-rated health. Weak social relations may be linked to depression, and
depression is associated with obesity, particularly among women (Carroll et al. 2010).
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2.6.2

Socioeconomic Factors
Measures of socioeconomic status, such as income, education, and occupation,

tend to indirectly influence morbidity and obesity (Rogers et al. 2000) and also tend to be
fundamental causes of disease (Link and Phelan 1995). Socioeconomic status is one of
the strongest predictors of morbidity, where there is an inverse relationship (Link and
Phelan 1995; Rogers et al. 2000). A similar inverse relationship is found between obesity
and socioeconomic status. Higher levels of socioeconomic status are associated with
lower levels of morbidity and obesity. Explanations for the relationship between
morbidity and socioeconomic status originate in Max Weber’s concept of life chances,
meaning that access to resources and exposure to fewer risk factors are linked to higher
socioeconomic status (Cockerham 2005).
Socioeconomic status is a complex concept, and its measurement is not consistent
across studies. Although socioeconomic status is a multidimensional concept, the
following section focuses on the three most commonly studied factors of educational
attainment, income, and occupation/employment. Education tends to be the most widely
used indicator of socioeconomic status for a number of reasons. Education is likely
attained early in life; thus, it influences income, the likelihood of employment, and the
type of occupation that an individual can obtain. Education also tends to be similarly
measured, either in years of schooling or educational subgroups based on highest
achieved level. Compared to other indicators of socioeconomic status, education is a
stronger predictor of health. Higher educational attainment is linked to better self-rated
health, high levels of physical functioning, and lower levels of morbidity and disability
(Farmer and Ferraro 2005; House, Kessler and Herzog 1990; Schoeni et al. 2001). Thus,
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educational attainment tends to have a protective effect on health. Explanations for these
findings note that higher educational attainment reduces exposure to risk factors
associated with morbidity and disability. Specific explanations focus on the relationship
between education and employment, health lifestyle, and psychosocial resources. There
are better employment opportunities for the highly educated. The highly educated are
more likely to be employed full time, and employed in occupations with more autonomy,
less routine tasks, fewer safety hazards (Ross and Wu 1995), and health insurance access.
The highly educated are also more likely to undertake positive health behaviors or healthseeking behaviors, such as not smoking, regular physical activity, a nutritionallybalanced diet, wearing seat belts, moderate alcohol consumption, or partaking in
preventive medical care, thus decreasing the risk of experiencing some medical
conditions (Ferraro and Yu 1995; Ross and Wu 1995). The highly educated tend to have
greater psychosocial resources, referring to greater social integration and social support
(Ross and Wu 1995).
Similarly, there is an inverse relationship between education and obesity, as
higher educational attainment decreases the likelihood of becoming obese (Botoseneanu
and Liang 2011; Ferraro and Yu 1995). Body mass is a proximate determinant of health
and health outcomes, mediating the effects of socioeconomic and demographic
characteristics on morbidity and disability (Rogers et al. 2000).
Recent trends indicate that disability declined among the elderly population with
13 or more years of schooling, thus widening the disability gap (Schoeni et al. 2001).
More recently, increasing levels of educational attainment among the elderly are used to
explain their improved health status (Adams 2002; Freedman and Martin 1999), as earlier
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studies found education to have less of a protective effect on the elderly (House et al.
1990).
Himes (2000) found that educational attainment maintained its protective effect
on certain chronic conditions among persons age 70 or older. Likewise, Martin et al.
(2010) found that educational attainment maintained its protective effect on health among
persons age 65 or older, but for persons age 40-64, the effect of educational attainment on
health was declining. Similarly, Himes and Reynolds (2005) found that the protective
effect of higher educational attainment is declining as evidenced by dramatic increases in
obesity in the adult population with the highest levels of education. Yet, a later study by
Reynolds and Himes (2007) found that the likelihood of being obese among persons in
later born cohorts was substantially higher for persons with low levels of educational
attainment, relative to persons with high levels of educational attainment. One caveat
with this finding is that in order to adjust for cohort differences in the mean level of
educational attainment, low education was defined “as those with educational attainment
in the lowest quartile of their birth cohort” (Reynolds and Himes 2007: 835). These
findings indicate the importance of examining how educational attainment shapes the
effect of obesity on morbidity over time.
Income, like education, has consistently been found to be significant predictor of
health and health outcomes. Low incomes and poverty have particularly been linked to
poorer health (House et al. 1990; Wilkinson 1992). Higher incomes tend to be negatively
associated with lower self-rated health status, disease, functional limitations, and
disability (Smith and Kington 1997), and the explanations for these findings are similar to
those for the relationship between education and health. One explanation for these
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relationships is based on health lifestyle theory (Cockerham 2005), as income shapes
health behaviors where persons with higher incomes are more likely to participate in
health-promoting behaviors, such as regular exercise or a nutritionally balanced diet
(Cockerham 2005; Lantz et al. 1998). This finding tends to be linked to access to
resources, as those with higher incomes may have the ability to afford health club
memberships or healthier food options. Persons with higher incomes are also more likely
to use preventive care, a health-promoting behavior that minimizes the risk of disease and
disability (Ross and Mirowsky 2000). Persons with higher incomes are more likely to
have private health insurance, possibly through their employer, although the availability
of Medicare for persons age 65 or older potentially offsets a lack of private health
insurance. Consequently, persons with higher incomes are less likely to be overweight or
obese, relative to those with lower incomes (Lantz et al. 1998).
Income may shape disease and disability through other socioeconomic
characteristics, such as education and employment. The highly educated tend to have
higher incomes and to be employed in jobs with greater benefits (e.g., health insurance)
and fewer occupational hazards (Ross and Wu 1995). Some studies (e.g., Morris 1996)
suggest that poor health leads to lower incomes, rather than the reverse, as the presence
of disability or certain health conditions may result in unemployment; however, income
remains a strong predictor for health outcomes, even when controlling for health status
(Ross and Mirowsky 1995).
Employment, like education and income, is another indicator of socioeconomic
status, where employed persons of working age tend to experience better self-rated
health, fewer functional limitations, and lower levels of morbidity and disability
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compared to the unemployed (Ross and Mirowsky 1995). This finding has resulted in the
concept of the healthy worker effect as employment improves both physical and mental
well-being (Rogers et al. 2000). However, this term may be misleading as persons with
chronic health conditions and/or disabilities are less likely to be in the workforce.
Employment may shape disease and disability through education, as the highly educated
are more likely to be employed full time and to be in occupations with fewer
occupational hazards (Ross and Mirowsky 1995; Ross and Wu 1995). Persons employed
in professional or white collar occupations tend to have higher levels of educational
attainment and are more likely to demonstrate a strong healthy worker effect, relative to
persons in blue collar occupations (Baillargeon and Wilkinson 1999).
2.6.3

Health Behavior Factors
Health lifestyle or health-seeking behaviors began to gain attention in the general

public and in scholarly research as a result of the shift in the leading causes of death
during the third stage of the epidemiologic transition (as discussed in Section 2.2).
Behavioral factors also tend to be modifiable risk factors in that a positive change in
behavior, or a shift from an unhealthy behavior to a healthy behavior, can reduce the
effect of the unhealthy behavior on health outcomes. Behavioral factors directly affect
health, mediating the effects of demographic and social factors (Rogers et al. 2000).
Fries (1996) noted that health-seeking behaviors, or a healthy lifestyle, reduce lifetime
disability. Additionally, the presence of one or fewer risky health behaviors has been
found to postpone disability (Hubert et al. 2002).
A widely studied risky health behavior is cigarette smoking, which has been
found to be related to body size and health outcomes (Allison et al. 1999; Brønnum34

Hansen and Juel 2001; Mokdad et al. 2003; Crimmins 2004; Krueger et al. 2004; Mokdad
et al. 2004; Reuser et al. 2009). Smokers are less likely to be overweight or obese
(Brønnum-Hansen and Juel 2001; Krueger et al. 2004), yet former smokers tend to gain
weight thus acquiring similar rates of overweight and obesity to those who have never
smoked (Allison et al. 1999). However, obesity rates have been increasing regardless of
smoking status (Mokdad et al. 2003). Smoking is also considered the number one cause
of death (Mokdad et al. 2004), because of its association to certain chronic conditions
(Reuser et al. 2009). Smokers tend to spend fewer years with disability, although this is
due to earlier death compared to non-smokers (Reuser et al. 2009). Among persons age
65 or older, smoking rates are declining, but obesity rates are increasing (Crimmins
2004).
Physical activity and diet are behavioral factors closely linked to obesity. The
simplest explanation for increasing obesity rates centers on an imbalance between
individual caloric intake and energy expenditure, where individuals consume more
calories than necessary for daily activities. The excess calories thus result in weight gain.
Adults with inadequate levels of physical activity are more likely to be obese (Wray,
Alwin and Mccammon 2005). Caloric intake, however, is not only the amount of
calories consumed, but the nutritional composition of foods consumed (Popkin 1993).
Diets high in fat and sugar are common in the United States, as are inactive lifestyles
(Popkin 1993). Yet, individual actions are not solely agency-based, as structural factors
shape access to and participation in physical activity and nutrition (Cockerham 2005),
such as the availability of sidewalks, parks and other recreational areas, gyms, grocery
stores, and farmer’s markets. Increasing physical activity and enjoying a nutritionally35

balanced diet can reduce the effects of obesity on health conditions, particularly diabetes
(Mokdad et al. 2003; Popkin 1993). Physically active adults may also delay functional
limitations and disability compared to adults who do not meet recommended levels of
physical activity (Fries 1996). Attempts to become more physically active and
improvements to diet may not also have the same effect on body mass for the elderly
compared to younger adults, due to physiological changes such as bone loss and slower
metabolism (Botoseneanu and Liang 2011; Krueger et al. 2004). Nevertheless, physical
activity and diet directly affect health (Rogers et al. 2000), and they could shape the
effect of obesity on morbidity.
2.7

Proposed Framework
Based on the review of the literature, I propose a conceptual framework, shown in

Figure 2.5, where body mass directly influences morbidity via each of its indicators of
health conditions, disability, and self-rated health status. The proposed framework also
indicates that the relationship between body mass and disability is mediated by health
conditions. The relationship between body mass and self-rated health status operates
through both health conditions and disability. These proposed causal relationships are
indicated by the straight arrows between variables. Following the disablement process
framework proposed by Verbrugge and Jette (1994), predisposing risk factors based on
demographic, social and behavioral characteristics are incorporated into the framework
(although they are not shown in the path diagram), as these risk factors shape morbidity
and obesity.
Because people change over time and are differentially exposed to risk over the
life course, the proposed framework was used to inform how the effect of body mass on
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health changes over time and differs by cohorts. Specifically, this framework was used to
determine the direct and indirect effects of body mass on self-rated health, where health
conditions and disability are hypothesized to function as mediators. Due to the expected
growth in the number and proportion of persons aged 65 or older, as well as the links
between age and obesity and health, this study focuses on the effect of body mass among
adults aged 51 or older. Including adults who have not yet reached age 65 captures
potential risks that the future elderly might face.
Another step in the analysis examines the cohort differences in the effect of body
mass on morbidity by educational attainment subgroups. This aspect of the research is
motivated by increasing levels of educational attainment among older persons, as a
means to determine if the effect of education on health is declining over time.
Based on the proposed framework, a number of hypotheses will be tested as
outlined in Table 2.1. Hypotheses 1-3 test the direct effects of BMI on health conditions
by cohort; Hypotheses 4-6 test the direct effects of BMI on disability by cohort;
Hypotheses 7-9 test the direct effect of BMI on self-rated health status by cohort;
Hypothesis 10 tests the effect of education on BMI and the three measures of health by
cohort; and Hypothesis 11 tests the effect of BMI on self-rated health by educational
attainment group by cohort.
The data and methods for this research are discussed in the next chapter.
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Table 2.1

Hypotheses

Hypothesis 1

Hypothesis 4

Initial BMI is positively associated with the number of health
conditions.
Initial BMI is associated with the rate of change in the number of health
conditions.
Increasing BMI is associated with the rate of change in the number of
health conditions.
Initial BMI is positively with initial disability.

Hypothesis 5

Initial BMI is associated with the rate of change in disability.

Hypothesis 6

Increasing BMI is associated with the rate of change in disability.

Hypothesis 7

Initial BMI is negatively associated with self-rated health status.

Hypothesis 8

Initial BMI is associated with the rate of change in self-rated health
status.
Increasing BMI is associated with the rate of change in self-rated health
status.
Adults with greater levels of educational attainment have lower BMI,
fewer health conditions, lower levels of disability, and better self-rated
health status.
Adults with at least some college have lower BMI, fewer health
conditions, lower levels of disability, and better self-rated health status
than adults with a high school education only.

Hypothesis 2
Hypothesis 3

Hypothesis 9
Hypothesis 10
Hypothesis 11
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CHAPTER III
DATA AND METHODS

3.1

Data
Data were obtained from the RAND HRS Data file, Version L (RAND 2011).

This data file is a cleaned version consisting of ten waves of the Health and Retirement
Study (HRS). The development of the RAND HRS Data file was funded by the National
Institute of Aging and the Social Security Administration. The HRS, a nationally
representative longitudinal sample of persons age 51 or older and their spouses, is
administered by the Institute for Social Research at the University of Michigan and is
primarily sponsored by the National Institute of Aging. The HRS contains three
oversamples intended to increase the number of respondents who are black, Hispanic, or
residents of Florida.
The RAND HRS Data used in this research consist of five entry cohorts. The
initial HRS wave, conducted in 1992, consists of persons born between 1931 and 1941,
with subsequent interviews every two years. There are currently 9 waves of follow-up
data on the initial HRS cohort. Wave 4 of the HRS was conducted in 1998 and added the
children of the Depression Age (CODA) or persons born between 1924 and 1930. Wave
4 of the HRS also added the War Baby cohort, consisting of persons born between 1942
and 1947. Wave 7 of the HRS, conducted in 2004, added the Early Baby Boomer cohort,
or persons born between 1948 and 1953. The Asset and Health Dynamics among the
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Oldest Old study (AHEAD) sampled persons born before 1924, who were first
interviewed in 1993 with follow-up interviews in 1995, 1998, and subsequently every
two years in combination with the HRS. Initially a separate study from the HRS, the
AHEAD study merged with the HRS in 1998 and is now referred to as the HRS.
Combining the various waves of the HRS allows for a longitudinal exploration of the
changes in body mass and its causal effects on health (Himes 2000). Table 3.1 shows the
timing of the data collection of the HRS sample by cohort and by wave.
There are a number of advantages in using the HRS. The HRS collects data on a
number of health topics, has relatively high response rates (more than 85% across all
waves and cohorts), and has relatively low attrition among living respondents. The HRS
establishes respondent survival at every wave, coding individual respondents as alive,
presumed alive, or deceased at each wave. Respondents who miss a wave or who are lost
to follow-up are coded as missing at the appropriate wave. This information is contained
in the HRS Tracker file and can be cross-referenced with the data for each wave. The
HRS is also fairly representative of the nursing home population. The initial sampling
frame for the HRS excluded the institutionalized population, but some respondents have
moved to nursing homes after their baseline wave and have been retained in the study
when possible. The majority of respondents residing in nursing homes are in the
AHEAD cohort.
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Table 3.1

HRS Data Collection by Cohort

1

AHEAD cohort data for the first and second waves were collected in 1993 and 1995 in a
separate dataset. This dataset was merged with the HRS beginning in 1998.
3.2

Dependent Variables
Three dependent variables are analyzed: number of health conditions, disability,

and self-rated health status. These three variables are the most common measures of
morbidity based on a number of international studies (Parker and Thorslund 2007). The
first measure of morbidity, health conditions rely on survey respondents answering yes or
no to a series of questions beginning with, “Has a physician ever told you…”, followed
by a checklist of specific conditions. In the HRS, each health condition was measured at
baseline and at each follow-up interview; however, the wording of the question changed
slightly in follow-up interviews if a participant had reported a specific condition in a
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previous wave. HRS participants were asked about eight specific physician diagnosed
health conditions: hypertension; diabetes; cancer of any kind except skin cancer; lung
disease including chronic bronchitis and emphysema but excluding asthma; heart
conditions including heart attack, coronary heart disease, angina, and congestive heart
failure; stroke; arthritis; and psychiatric problems including depression. An additional
condition—back problems—was also measured across waves. Rather than ask
respondents if this condition was physician diagnosed, the question instead asked if
respondents experienced any back problems. Although the HRS contains data on a few
other non-diagnosed health conditions, only data for back problems were found in the
baseline measure of each cohort. The eight physician-diagnosed health conditions and
back problems were individually coded as 1 for yes and 0 for no. A health conditions
index was created by summing each of these health conditions, with values ranging from
0 to 9, for each wave. The health conditions index is included in the analyses as timevariant.
A second measure of morbidity is disability, a measure based on a series of items
regarding the difficulty in carrying out various tasks. Although the HRS contains
numerous questions regarding disability, there is an issue of consistency in questions in
terms of wording and occurrence across waves. However, the RAND HRS Data file
contains an index of activities of daily living (ADL) that was constructed using questions
from all waves. This variable serves as the measure of disability used in the analyses.
The ADL index constructed from HRS data consists of five tasks: bathing, eating,
dressing, walking across a room, and getting in or out of bed. Variables regarding the
difficulty of performing each task were simply coded 0 for no difficulty and 1 for any
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difficulty. No difficulty refers to the ability to perform the task independently or without
help of any kind. If a respondent relied on the use of equipment, such as a walker or
cane, to complete a task, then it was coded as any difficulty in performing the task.
Disability, in this dissertation, is an index of ADL tasks with scores ranging from 0
(referring to no difficulty with any of the 5 tasks) to 5 (referring to any difficulty with
each of the 5 tasks). Disability in the analyses is time-variant as it is measured at each
wave.
The third measure of morbidity is self-rated health (SRH) status. It was measured
at baseline and at follow-up and relies on a subjective measure of individual health status.
In the HRS, respondents were asked if they consider their health as excellent (coded as
1), very good (coded as 2), good (coded as 3), fair (coded as 4), or poor (coded as 5). For
this study, SRH was reverse coded to ease interpretation of results. SRH was measured
at each wave and is time-variant in the analyses.
3.3

Explanatory Variable
The primary explanatory variable is the body mass index (BMI) statistic, a

standardized tool used internationally by medical and public health officials to assess
population weight status based on an individual’s weight in relation to their height (CDC
2011). In the HRS, respondents are asked to report their weight, in pounds, at each wave,
but they are only asked to report their height in feet and inches in the initial wave of data
collection. Because respondent weight is reported at each wave of data collection, BMI
was also calculated for each wave included in the analyses. The measure of height was
converted to inches to calculate BMI, as the formula from the CDC (2011) is
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𝐵𝑀𝐼 =

𝑤𝑒𝑖𝑔ℎ𝑡 (𝑙𝑏𝑠.)
ℎ𝑒𝑖𝑔ℎ𝑡 (𝑖𝑛.)2

× 703

(3.1)

BMI has several cut-off points for interpretation. A BMI value less than 18.50 is
defined as underweight, normal weight is BMI between 18.50 and 24.99, overweight is
BMI between 25.00 and 29.99, and obese is BMI of 30.00 or greater (CDC 2011). In the
analyses, BMI is a time-variant, continuous measure.
Although BMI is not the only measurement of body mass and obesity, it has
become the most common measure because it is a relatively inexpensive and simple tool
for assessing body mass (CDC 2011; Nyholm et al. 2007). Self-reported height and
weight have routinely been found to be reliable and valid (Nelson et al. 2003; Nyholm et
al. 2007), although biases in self-reported height and weight vary by social and
demographic characteristics (Nyholm et al. 2007). For example, women are more likely
than men, on average, to overestimate their weight classification (Nyholm et al. 2007).
Likewise, the degree of bias in self-reported height and weight varies with age as older
adults, particularly those over the age of 60, are more likely to overestimate height and
underestimate weight compared to younger adults (Kuczmarski, Kuczmarski and Najjar
2001; Nyholm et al. 2007). Because misreported height and weight can distort results, it
is important to be aware of the potential biases when interpreting findings.
3.4

Covariates
Several demographic, social, socioeconomic, and health behavior characteristics

were included in the analyses as covariates. Each of these variables is measured at
baseline and is included in the analyses as time-invariant.
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Demographic covariates included in the models are age, sex, and race/ethnicity.
Age of respondent is measured in years and is a continuous variable. It is necessary to
include respondent’s age as a covariate because health tends to decline with age
(Crimmins et al. 1996; Manton et al. 1997). Aging has also been linked to increasing
body mass, although there is evidence that body mass begins to level off or peak around
age 65 (Botoseneanu and Liang 2011; Flegal et al. 2010; Thorpe and Ferraro 2004).
Beyond age 65, body mass may decline due to illness, loss of appetite, or loss of muscle
mass (Botoseneanu and Liang 2011; Krueger et al. 2004).
Respondent’s sex was included as a covariate in the analyses due to differences in
chronic health conditions, disability, self-reported health status, and body mass between
men and women. In the HRS RAND data file, sex is a binary variable, coded 1 for male
and coded 2 for female. For the analyses, sex was recoded as female, where yes equals 1
and no equals 0.
Respondent’s race was self-identified in the HRS and respondents were asked,
"What race do you consider yourself to be?", followed by a number of options such as
white, black or African American, Asian, American Indian, Alaska Native, Native
Hawaiian, Pacific Islander or something else. Due to small sample size for some
categories and to protect participant confidentiality, the public-use HRS data only have
three race categories: white, black or African American, or other race. The HRS also
asks respondents if they identify as Hispanic or Latino. From these two variables, a
dichotomous measure of non-Hispanic black, coded 1 for yes and 0 for no, was created
for the analyses
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The HRS contains a number of observed measures for social characteristics, such
as marital status, living alone, number of living children, and religious affiliation, that are
used to account for the effect of social relationships and support on health. A
dichotomous measure of marital status, married was included in the analyses, where yes
was coded as 1 and no was coded as 0. Respondents were also asked about their current
living arrangements. Because individuals who live alone may experience lower levels of
social integration, a binary variable of living alone, where yes was coded as 1 and no was
coded as 0, was included in the analyses. The HRS records the number of living
children, including step children, for each respondent. The measure is a continuous
variable in the analyses. Religious affiliation was the final social characteristic included
in the analyses. Possible responses, with RAND HRS coding indicated in parentheses,
were Protestant (1), Catholic (2), Jewish (3), none or no preference (4), or other (5). Due
to sample size, this covariate was dummy-coded as Protestant, where yes equals 1 and no
equals 0.
Several observed measures of socioeconomic status are contained in the HRS,
including years of formal education, household income, labor force status, home
ownership, and occupation. Educational attainment was measured in the HRS as the
number of years of schooling completed. Responses range from no formal education (0
years) to 17 or more years, making education a continuous variable in the analyses.
Income has consistently been a significant predictor of health and health
outcomes. Low income has particularly been linked to declines in health (House et al.
1990; Wilkinson 1992), yet increasing levels of income among older persons may alter
morbidity patterns (Schoeni, Freedman and Martin 2008). The HRS asks several
47

questions about income sources, such as current earnings, capital earnings, social security
disability income, supplemental security income, employer pension, unemployment
compensation, and retirement. The variable for household income from the RAND HRS
Data combines the data on a number of income sources for the respondents and their
spouses. In the analyses, household income is a continuous variable.
Wealth is also an indicator of socioeconomic status; however, it is often difficult
to measure. The HRS inquires about home ownership, although the wording of the
question varies across waves. Still, a binary variable of owns home, where yes was
coded as 1 and no was coded as 0, was included as a covariate.
The recent shift in the U.S. from a manufacturing to a service economy may be
altering morbidity patterns in the current and future elderly; thus, occupation is an
important measure to include in the analysis. HRS participants were asked to identify the
occupation category that fits their longest held job. Some of the occupational categories
included in all waves are professional, farmer, laborer, clerical, sales, service, and
craftsmen. Due to multicollinearity, only one occupation covariate – professional – was
included in the analysis. Professional occupation was recoded into a binary variable,
coded 1 for yes and 0 for no.
Labor force status is yet another indicator of socioeconomic status. Possible
responses to the question regarding labor force status were currently working full-time,
currently working part-time, retired, unemployed, and not in labor force. However, due
to issues of multicollinearity, only one measure of labor force status was included as a
covariate. A dummy variable for working full time (or full time employment) was
created, where yes was coded as 1 and no was coded as 0.
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Two health behaviors were included in the analyses. Although the literature
indicates that there are more than two health behaviors that influence both body mass and
morbidity, one limitation of the HRS is the lack of appropriate health behavior variables.
The included health behaviors—smoking and physical activity—have strong links to
body mass and morbidity. To construct a measure of smoking, the HRS first asks
participants if they have ever smoked. Persons who responded yes were subsequently
asked if they were a current smoker. Although the effects of current, past, or never
smoked differ markedly on health, only one dichotomous measure of smoking was
included in the analyses. The measure of non-smoker (meaning never smoked) was
coded as 1 for yes and 0 for no.
Questions in the HRS related to physical activity vary by wave. However, each
wave does provide enough data to construct a question regarding the frequency of
vigorous physical activity. Specifically, the analyses include a dichotomous measure of
physical activity, where engaging in physical activity 3 or more times per week was
coded 1 and less than three times per week was coded 0.
3.5

Attrition
Section 3.1 noted that attrition among living respondents is relatively low in the

HRS. Attrition by wave for all cohorts is shown in Table 3.2. For the HRS cohort, the
attrition rate by wave ranges from 4 to 10 percent, and the cumulative attrition rate over
the 10 waves is 43 percent. The attrition rate by wave in the AHEAD cohort was more
substantial, likely due to the age of the respondents and more non-response due to death
of a respondent. The attrition rate by wave for the AHEAD cohort ranges from 15 to 35
percent, with a cumulative attrition rate of 86 percent over 9 waves of data. Over 7
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waves of data, the attrition rate for the CODA cohort ranged from 9 to 16 percent, with
the greatest non-response occurring in the last wave. Similar to the AHEAD cohort, the
higher non-response rate in the CODA cohort is likely due to the age of the respondent.
The cumulative attrition rate for the CODA cohort was 49 percent. The War Baby cohort
also covers 7 waves of data, and the attrition rate by wave ranged from 2 to 6 percent.
The cumulative attrition rate for the War Baby cohort was 22 percent. The Early Baby
Boomer cohort covered 4 waves of data collection, and the attrition rate by wave ranged
from 3 to 10 percent. The greatest attrition was experienced at the second wave of data
collection. The cumulative attrition rate for the Early Baby Boomer cohort was 18
percent.
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8325
1438
471
15%
5%

967
10%
10%

3

8796
967

2

Assets & Health Dynamics (AHEAD) Cohort (born 1923 or earlier)
Number of Respondents
7381
6247
# Non-Response, cumulative
1134
# Non-Response, from previous
wave
1134
Attrition Rate, cumulative
15%
Attrition Rate, from previous wave
15%

9763

1

Children of the Depression Age (CODA) Cohort (born 1924-1930)
Number of Respondents
# Non-Response, cumulative
# Non-Response, from previous
wave
Attrition Rate, cumulative
Attrition Rate, from previous wave

1911
386
183
17%
9%

203
9%
9%

861
54%
20%

3432
3949

309
27%
4%

2094
203

902
42%
17%

1052
30%
17%

2297

4293
3088

463
24%
6%

6
7129
2634

Wave

7438
2325

5

5195
2186

424
19%
5%

7901
1862

4

Attrition by Wave, All Cohorts, Health & Retirement Study

HRS Original Cohort (born 1931-1941)
Number of Respondents
# Non-Response, cumulative
# Non-Response, from previous
wave
Attrition Rate, cumulative
Attrition Rate, from previous wave

Table 3.2
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180
25%
9%

1731
566

682
63%
20%

2750
4631

318
30%
4%

6811
2952

7

159
32%
9%

1572
725

616
71%
22%

2134
5247

387
34%
6%

6424
3339

8

163
39%
10%

1409
888

502
78%
24%

1632
5749

318
37%
5%

6106
3657

9

227
49%
16%

1182
1115

567
86%
35%

1065
6316

570
43%
9%

5536
4227

10

War Baby Cohort (born 1942-1947)
Number of Respondents
# Non-Response, cumulative
# Non-Response, from previous wave
Attrition Rate, cumulative
Attrition Rate, from previous wave

Table 3.2 (Continued)

Early Baby Boomer Cohort (born 1948-1953)
Number of Respondents
# Non-Response, cumulative
# Non-Response, from previous wave
Attrition Rate, cumulative
Attrition Rate, from previous wave
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1

2

3
1966

4
1841
125
125
6%
6%

5

6
1812
154
29
8%
2%

Wave

2684

1737
229
75
12%
4%

7

2420
264
264
10%
10%

1676
290
61
15%
4%

8

2344
340
76
13%
3%

1615
351
61
18%
4%

9

2195
489
149
18%
6%

1540
426
75
22%
5%

10

3.6

Analytic Strategy
The conceptual framework for the analysis was presented in Chapter 2. The

proposed conceptual framework suggests that body mass has a direct effect on each
measure of morbidity in the model; yet it also proposes that some of the morbidity
measures function as mediators between body mass and the other morbidity measures.
Specifically, the conceptual framework indicates that body mass has a direct effect on
health conditions, disability, and self-rated health status. It also indicates that health
conditions mediate the relationship between body mass and disability and between body
mass and self-rated health status. Finally, it is proposed that the relationship between
body mass and self-rated health status is mediated by disability and by health conditions.
The analytic strategy consists of a two-step process. First, a longitudinal analysis
of the direct and indirect effects of body mass on morbidity was conducted. Specifically,
the effect of body mass on morbidity was investigated across cohorts using latent growth
curve modeling (LGCM). To my knowledge, no study has examined cohort differences
in the changing effects of body mass on morbidity using the framework proposed in this
chapter. Zajacova and Burgard (2010) recently studied the changing effects of BMI on
self-rated health status from young adulthood to middle adulthood. Their model did not
account for the possible effects of disability, and the number of health conditions was
included as a control variable in their models (Zajacova and Burgard 2010). Conversely,
Himes (2000) studied the effect of body mass on health conditions and disability among
adults age 70 or older. Himes’ study, however, is not longitudinal; therefore, it does not
consider how changes in body mass may alter disability. Himes (2000) does compare the
results for two different cohorts by using two different data sets. Consequently, an
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advantage of this dissertation is that it considers the changing effects of body mass on
morbidity from middle adulthood to older adulthood.
The second step of the analytic strategy examined group differences, based on
educational attainment, in the direct effects of body mass on self-rated health by cohort.
The purpose of this step is to determine if the influence of higher levels of educational
attainment has declined for younger cohorts.
To investigate how the effect of body mass on morbidity changes over time and
how the effects differ by cohorts, latent growth curve modeling (LCGM), a type of
structural equation model, was used. There are several benefits of using LCGM. First,
LCGM allows the simultaneous analysis of multiple waves of data (Bollen and Curran
2006; Preacher et al. 2008). Second, it allows for the study of change over time within
and between individuals and groups thus analyzing change that occurred between survey
administrations (Bollen and Curran 2006; Preacher et al. 2008). Finally, the assumptions
regarding linearity found in regression analysis are not required (Bollen and Curran
2006).
A conditional multivariate trajectory latent growth model with factor regressions,
consisting of an intercept factor and a slope factor for BMI and an intercept factor and a
slope factor for each measure of morbidity, was estimated for each of the five cohorts.
The intercept factor measures the mean level of a variable across all waves. The slope
factor, or the trajectory, measures the rate of change in a variable over time. Figure 3.1
illustrates the latent growth curve model for BMI across 10 waves of data.
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Figure 3.1
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Latent Growth Curve Model for BMI, 10 Waves of Data
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A total of four latent growth curve models were created. The basic LGCM
equation for BMI is:
BMIit  αBMIi + βBMIiλBMIt + εBMIit,

(3.2)

where BMIti refers to body mass index for individual i at time t; αBMIi refers to the
intercept (α) of trajectory of BMI for individual i; βBMIiλBMIt refers to the slope (β) of
trajectory of BMI for individual i times the value of the factor loadings (λ) at time t; and
εBMIit refers to the error term (ε) on BMI for individual i at time t. The intercept factor for
BMI (αBMIi) refers to the mean level of BMI, while the slope factor for BMI (βBMIi)
reflects the rate of change in BMI over time. Including these factors in the model reflects
the effect of changing BMI on the rate of change in morbidity across waves.
I hypothesize that BMI directly shapes the number of health conditions, and
indirectly shapes SRH by operating through health conditions. The basic LGCM
equation for health conditions (HC) is:
HC it  αHCi + βHCiλHCt + εHCit,

(3.3)

where HCit refers to the number of health conditions for individual i at time t; αHCi
refers to the intercept (α) of trajectory of the number of health conditions for individual i;
βHCiλHCt refers to the slope (β) of trajectory of the number of health conditions for
individual i times the value of the factor loadings () at time t; and εHCit refers to the error
term (ε) on the number of health conditions for individual i at time t.
I also hypothesize that BMI directly shapes disability and indirectly shapes SRH
through disability. The basic LGCM equation for disability (ADL) is:
ADL it  αADLi + βADLiλADLt + εADLit,
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(3.4)

where ADLit refers to the number of activities for daily living tasks with any
difficulty in performing for individual i at time t; αADLi refers to the intercept (α) of
trajectory of the number of activities for daily living tasks with any difficulty in
performing for individual i; βADLiλADLt refers to the slope (β) of trajectory of the number
of activities for daily living tasks with any difficulty in performing for individual i times
the value of the factor loadings () at time t; and εADLit refers to the error term (ε) on the
number of activities for daily living tasks with any difficulty in performing for individual
i at time t.
In the proposed conceptual framework, I use SRH status as the primary indicator
of morbidity. The basic LGCM equation for SRH status is:
SRH it  αSRHi + βSRHiλSRHt + εSRHit,

(3.5)

where SRHit refers to self-rated health status for individual i at time t; αSRHi refers
to the intercept (α) of trajectory of SRH status for individual i; βSRHiλSRHt refers to the
slope (β) of trajectory of SRH status for individual i times the value of the factor loadings
() at time t; and εSRHit refers to the error term (ε) on SRH status for individual i at time t.
Figure 3.2 shows the tested pathways between the intercept factors and the slope
factors. The intercept factor for BMI, labeled BMIi, estimates a direct effect on the
intercept and slope factors for health conditions, disability, and SRH, as shown by the six
solid red paths. The slope factor for BMI, labeled BMIs, estimates a direct effect on the
slope factors for health conditions, disability, and SRH. These estimates are shown by
the three red perforated paths. Direct effects between BMI and SRH are indicated with
the heavier lines. The intercept factor for the number of health conditions, labeled HCi,
estimates direct effects on the intercept and slope factors for disability and SRH; these
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estimates are shown by the four solid blue lines. The slope factor for the number of
health conditions, labeled as HCs, estimates the direct effects on the slope factors for
disability and SRH. These estimates are highlighted by the two blue dotted lines. The
intercept factor for disability, labeled ADLi, estimates direct effects on the intercept and
slope factors for SRH, while the slope factor for disability, labeled as ADLs, estimates
direct effects on the slope factor for SRH. These estimates are shown by the black lines,
where the solid lines represent the paths from the disability intercept and the dotted line
represents the path from the disability slope. The intercept factor for SRH status is
labeled as SRHi, while the slope factor for SRH status is labeled as SRHs. Covariates
included in the analyses have direct pathways to each intercept and slope, as indicated by
the light gray paths.
Another test for group differences involves stratifying the sample by educational
attainment in order to assess how differing levels of education shape the intercepts and
the slopes, as well as how the intercept and slope factors differ by cohort. Two education
groups were assessed: a high school degree or 12 years of formal education; and at least
some college or 13 to more years of formal education. While other research tends to
consider at least three education groups, this dissertation research is limited to only two
groups due to small sample sizes for some of the cohort groups that were studied.
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Figure 3.2
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Multivariate Trajectory Latent Growth Curve Model with Covariates, Estimated Pathways

CHAPTER IV
RESULTS

4.1

Introduction
Because people change over time and are differentially exposed to risk over the

life course, the results presented here inform how the effect of body mass on morbidity
differs by measures across cohorts. Due to growth in the number and proportion of
persons aged 65 or older, as well as links between age and health and obesity, this study
focuses on the effect of body mass on three measures of health – the number of health
conditions, disability, and self-rated health (SRH) status – among adults aged 51 or older
and for five cohorts. Including adults who have not yet reached age 65 captures potential
risks that the future elderly might face.
The remainder of this chapter is divided into five sections. Section 4.2 discusses
the descriptive statistics at baseline for each of the five cohorts: the initial Health &
Retirement Study (HRS) cohort, born 1931 to 1941; the Assets and Health Dynamics
(AHEAD) cohort, born in 1923 or earlier; the Children of the Depression Age (CODA)
cohort, born 1924 to 1930; the War Baby (WB) cohort, born 1942 to 1947; and the Early
Baby Boomer (EBB) cohort, born 1948 to 1953.
Section 4.3 presents the results of the latent growth curve models that estimate the
direct effects of body mass index (BMI) on each of the three health variables – health
conditions, disability, and SRH – by cohort. Hypotheses 1 to 9, as shown in Table 4.1,
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test these direct effects. This section also presents the results of the latent growth curve
models estimating the indirect effects of BMI on SRH.
Table 4.1

Hypotheses Tested

Hypothesis 1

Hypothesis 4

Initial BMI is positively associated with the number of health
conditions.
Initial BMI is associated with the rate of change in the number of health
conditions.
Increasing BMI is associated with the rate of change in the number of
health conditions.
Initial BMI is positively with initial disability.

Hypothesis 5

Initial BMI is associated with the rate of change in disability.

Hypothesis 6

Increasing BMI is associated with the rate of change in disability.

Hypothesis 7

Initial BMI is negatively associated with self-rated health status.

Hypothesis 8

Initial BMI is associated with the rate of change in self-rated health
status.
Increasing BMI is associated with the rate of change in self-rated health
status.
Adults with greater levels of educational attainment have lower BMI,
fewer health conditions, lower levels of disability, and better self-rated
health status.
Adults with at least some college have lower BMI, fewer health
conditions, lower levels of disability, and better self-rated health status
than adults with a high school education only.

Hypothesis 2
Hypothesis 3

Hypothesis 9
Hypothesis 10
Hypothesis 11

Section 4.4 presents the results of the latent growth curve models that estimate the
effects of the covariates on the intercepts and slopes of BMI, health conditions, disability,
and SRH by cohort. Education, measured as years of schooling, is the key covariate
because the level of educational attainment among older persons is increasing as younger
cohorts age into “old age.” Education is also highlighted as a key covariate because its
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protective effect on health may be weakening over time. This idea is tested with
Hypothesis 10.
Section 4.5 presents the results of the latent growth curve models that estimate the
direct effects of BMI on each of the three health variables – health conditions, disability,
and SRH – by high school degree or at least some college subgroups for each cohort.
Hypothesis 11 is tested with these models. Differences between cohorts for each
educational attainment subgroup are also examined.
Section 4.6 provides a brief conclusion for the chapter.
4.2

Descriptive Statistics
Table 4.2 presents the descriptive statistics of the sample at baseline for each of

the five cohorts included in the analyses. Cohorts are presented in birth order, from
oldest cohort (the AHEAD cohort) to youngest cohort (the EBB cohort). Due to the large
number of variables in the analysis, variables are presented in three subgroups—health
measures, demographic and social characteristics, and socioeconomic characteristics
measures—in order to streamline discussion.
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AHEAD
Mean/% (SD)
2.921 (1.184)
10.2%
22.3%
30.5%
23.4%
13.6%
0.391 (0.935)
79.57%
10.56%
4.55%
2.72%
1.73%
0.87%
1.489 (1.219)
24.6%
12.5%
12.6%
28.4%
45.2%
8.8%
6.9%
9.9%
2.3%

CODA
Mean/% (SD)
3.092 (1.184)
13.5%
23.9%
31.5%
20.5%
10.6%
0.280 (0.832)
86.03%
6.59%
3.62%
1.83%
0.96%
0.96%
1.723 (1.312)
50.1%
11.8%
14.9%
23.8%
48.2%
7.2%
7.8%
8.4%
35.4%

HRS
Mean/% (SD)
3.405 (1.207)
21.7%
27.9%
27.8%
14.4%
8.2%
0.209 (0.710)
89.96%
5.99%
2.20%
1.41%
0.96%
0.47%
1.077 (1.113)
33.8%
4.8%
9.4%
10.4%
34.5%
5.4%
7.0%
2.5%
34.6%

Frequencies/Means and Standard Deviations at Baseline by Cohort

Variables
Self-Rated Health (SRH)
Excellent
Very Good
Good
Fair
Poor
Disability (ADL)
0
1
2
3
4
5
Health Conditions (HC)
Arthritis
Cancer
Diabetes
Heart Problems
Hypertension
Lung Disease
Psychological
Stroke
Back Problems

Table 4.2
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WarBaby
Mean/% (SD)
3.436 (1.186)
21.8%
29.0%
27.7%
14.4%
7.4%
0.190 (0.683)
90.36%
4.59%
2.40%
1.38%
0.92%
0.36%
0.971 (1.095)
29.4%
4.4%
9.0%
8.5%
31.0%
2.5%
9.9%
9.9%
2.7%

EBB
Mean/% (SD)
3.301 (1.187)
18.4%
26.8%
29.4%
17.4%
8.0%
0.202 (0.717)
89.79%
5.18%
2.20%
1.12%
1.27%
0.45%
1.102 (1.184)
29.9%
4.5%
12.0%
9.1%
34.6%
4.0%
13.7%
2.8%
38.4%
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N

Variables
Body Mass Index (BMI)
Health Characteristics
Never Smoked
Physical Activity
Demographic & Social
Age
Female
Black
Protestant
Married
Live Alone
# Living Children
Socioeconomic & Occupation
Years Schooling
Household Income
Owns Home
Occupation-Professional
Employed Full Time
Retired

Table 4.2 (Continued)

70.630 (2.019)
58.6%
9.0%
64.0%
61.2%
26.6%
3.232 (2.298)
11.870 (3.360)
35,968 (37,180)
0.797 (0.402)
0.303 (0.460)
0.059 (0.236)
0.593 (0.491)

77.680 (5.909)
61.1%
13.7%
63.8%
50.6%
36.1%
2.694 (2.191)
10.719 (3.774)
24,722 (50,142)
0.719 (0.449)
0.248 (0.432)
0.034 (0.182)
0.846 (0.361)
2297

41.0%
45.6%

47.7%
29.1%

7381

CODA
Mean (SD)
26.822 (4.966)

AHEAD
Mean (SD)
25.357 (4.504)

9763

12.036 (3.226)
46,429 (50,781)
0.788 (0.409)
0.283 (0.450)
0.552 (0.497)
0.186 (0.389)

55.540 (3.193)
52.6%
17.4%
65.5%
73.5%
11.8%
3.270 (2.135)

36.5%
19.7%

HRS
Mean (SD)
27.178 (5.152)

1966

13.118 (2.855)
75,883 (194,455)
0.817 (0.387)
0.340 (0.474)
0.667 (0.471)
0.111 (0.314)

52.888 (1.779)
46.2%
16.2%
60.4%
72.2%
13.1%
2.721 (1.697)

38.3%
51.1%

WarBaby
Mean (SD)
28.206 (5.733)

2684

13.287 (3.131)
84,643 (119,611)
0.760 (0.427)
0.323 (0.468)
0.641 (0.480)
0.129 (0.335)

52.942 (1.724)
48.3%
17.5%
55.6%
63.9%
15.7%
2.490 (1.706)

45.2%
29.7%

EBB
Mean (SD)
28.458 (6.077)

Beginning with the health measures, there was little variation in the mean SRH
across cohorts. For the AHEAD cohort, the mean SRH was 3.08, indicating that
individuals in the oldest cohort tended to rate their health status as slightly better than
good. Overall, 10.20% of the sample rated their health as excellent, 22.30% rated their
health as very good, 30.50% rated their health as good, 23.40% rated their health as fair,
and 13.60% rated their health as poor.
The mean SRH for the second oldest cohort, the CODA cohort, was slightly
higher than that of the AHEAD cohort at 3.09. Among those in the CODA cohort,
13.50% rated their health as excellent, 23.90% rated their health as very good, 31.50%
rated their health as good, and 10.60% rated their health as poor.
The mean SRH for the HRS cohort was 3.41, indicating that a larger percentage
of this cohort reported their SRH as very good (27.90%) or excellent (21.70%) compared
to the AHEAD and CODA cohorts. The distribution by response choices also supports
this finding. Among the remaining response choices, 27.80% of respondents in the HRS
cohort rated their health as good, 14.40% rated their health as fair, and 8.20% rated their
health poor.
The highest mean SRH among all five cohorts was reported by the War Baby
cohort at 3.44, indicating that a greater proportion of respondents rated their health as
excellent (21.80%) or very good (29.00%). For the other possible responses on self-rated
health status, 27.70% of those in the War Baby cohort rated their health as good, 14.40%
rated their health as fair, and 7.40% rated their health as poor.
The mean self-rated health status of the youngest cohort, the Early Baby Boomer
cohort, was not the highest among the five cohorts studied. For the EBB cohort, the
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mean SRH was 3.30, below that of the HRS and War Baby cohorts, but still better than
that of the AHEAD and CODA cohorts. This finding is likely due to differences in
health conditions for each cohort, as the mean number of health conditions for the EBB
was slightly greater than that for either the HRS or War Baby cohorts. It could also be
because the EBB cohort also reported the highest mean BMI of all cohorts in the study.
The distribution by response choice shows that 18.40% of the EBB cohort rated their
health as excellent, 26.80% rated their health as very good, 29.40% rated their health as
good, 17.40% rated their health as fair, and 8.00% rated their health as poor.
The mean disability, or ADL score, for each cohort was relatively low, indicating
that very few individuals in any cohort reported any difficulty with any of the five
activities of daily living tasks (bathing, eating, dressing, walking across a room, or
getting in or out of bed). The mean ADL score for the AHEAD cohort was 0.39 and was
the highest mean value for any cohort in the study, indicating a greater degree of
disability in this cohort relative to others. For the AHEAD cohort, 79.60% reported no
difficulty with any of the ADL tasks. Only 10.60% reported difficulty with just one task,
while 4.60% reported difficulty with two tasks, 2.70% reported difficulty with three
tasks, 1.70% reported difficulty with four tasks, and less than 1.00% reported difficulty
with all five tasks.
The mean ADL score for the CODA cohort was 0.28. In the CODA cohort,
86.03% of the CODA cohort reported no difficulty with any of the ADL tasks, while less
than 1.00% reported any difficulty with all five ADL tasks. For the HRS cohort, the
mean ADL score was 0.21. Almost 90.00% of the HRS cohort reported no difficulty
with any of the ADL tasks; less than 0.50% reported any difficulty with all five ADL
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tasks. The lowest mean ADL score was reported by the War Baby cohort at 0.19.
Slightly more than 90.00% of the WB cohort reported no difficulty with any of the ADL
tasks, and less than 0.50% reported any difficulty with all five ADL tasks. The mean
ADL score for the Early Baby Boomer cohort was similar to that of the HRS and WB
cohorts at 0.20. Among the EBB cohort, almost 90.00% reported no difficulty with any
of the ADL tasks, and less than 0.50% reported any difficulty with all five ADL tasks.
The mean score on health conditions ranged from a high of 1.72 for the CODA
cohort to a low of 0.97 for the War Baby cohort, so among all cohorts, individuals, on
average, have at least one of the nine health conditions (arthritis, back problems, cancer,
diabetes, heart problems, hypertension, lung disease, psychological problems, or stroke).
The oldest cohort (AHEAD) recorded a mean health condition score of 1.49, while the
youngest cohort (EBB) recorded a mean health condition score of 1.10. The mean health
condition score for the HRS cohort of 1.08 was slightly higher than the lowest mean
value.
The percentage of the individual health conditions included in the index are also
shown in Table 4.2. For the AHEAD cohort, 45.20% of the sample at baseline had been
diagnosed by a physician with hypertension, 28.40% had been diagnosed with heart
problems, and 24.60% had been diagnosed with arthritis. Additionally, 12.60% had been
diagnosed with diabetes, while 12.50% had been diagnosed with cancer. Among the
remaining health conditions, 9.90% of the sample had been diagnosed with a stroke,
8.80% had been diagnosed with some form of lung disease, 6.90% had been diagnosed
with psychological problems, and 2.30% reported having back problems. For the CODA
cohort, 50.10% had been diagnosed with arthritis, followed by 48.20% that had been
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diagnosed with hypertension and 35.40% reported back problems. Furthermore, 14.90%
had been diagnosed with diabetes, and 11.80% had been diagnosed with cancer. For the
remaining health conditions, 8.40% had been diagnosed as having had a stroke, 7.80%
had been diagnosed with psychological problems, and 7.20% with lung disease. In the
HRS cohort at baseline, 34.60% suffered from back problems, 34.50% had been
diagnosed with hypertension, and 33.80% had been diagnosed with arthritis. Only
10.40% had been diagnosed with some sort of heart problem. Among the remaining
health conditions, 9.40% had previously been told they had diabetes, 7.00% with
psychological problems, 5.40% with lung disease, 4.80% with cancer, and 2.50% had
been told that they had suffered a stroke. In the War Baby cohort, 31.00% of the sample
reported a hypertension diagnosis, while 29.40% reported being diagnosed with arthritis.
Additionally, 9.90% had been diagnosed with psychological problems and with a stroke,
while 9.00% reported being diagnosed with diabetes. For the remaining conditions,
8.50% had been diagnosed with heart problems, 4.40% with cancer, and 2.70% suffered
from back problems. In the youngest group, the EBB cohort, 38.40% reported back
problems, 34.60% had been diagnosed with hypertension, and 29.90% had been
diagnosed with arthritis. The EBB cohort also reported the highest percentage diagnosed
with psychological problems at 13.70% among all cohorts. Also, 12.00% had been
diagnosed with diabetes. And for the remaining health conditions, 9.10% had been
diagnosed with heart problems, 4.50% with cancer, 4.00% with lung disease, and 2.80%
with stroke.
As expected, mean BMI at baseline increased from the oldest cohort to the
youngest cohort. The mean BMI for the AHEAD cohort was reported at 25.36, slightly
68

above the cutoff for obesity. The mean BMI for the CODA cohort was 26.82, slightly
higher than that of the AHEAD cohort. For the HRS cohort, the mean BMI was 27.18,
and the mean BMI for the WB cohort was 28.21. The highest mean BMI for any cohort
was that of the EBB cohort at 28.46.
Two additional health measures—never smoked and physical activity—were
included as covariates in the analyses. The percentage of the AHEAD sample that
identified as a non-smoker (measured as never smoked) was 47.70% and was the highest
among all cohorts. For the CODA cohort, 41.00% of the sample identified as nonsmokers. The high values for these two cohorts was unexpected based on changing
social norms regarding cigarette smoking; however, given that these cohorts were over
the age of 65 when first sampled, it is likely that these high values on the non-smoker
characteristic are due to selection effect. Smokers are not adequately represented in these
cohorts due to a lower likelihood of surviving to older ages. For the HRS cohort, 36.50%
reported being non-smokers, while 38.30% of the WB cohort reported being a nonsmoker. For the youngest cohort (EBB cohort), 45.20% reported being a non-smoker, a
value higher than that of the HRS and WB cohorts. This finding is expected due to
changes in social norms in the United States regarding smoking over the latter portion of
the 20th century.
For physical activity, 29.10% of the AHEAD cohort identified as being physically
active at least three times per week. For the CODA cohort, 45.6% of the sample engaged
in physical activity at least three times per week. Because these two cohorts are the
oldest, these mean values were unexpected but are likely due to selection effect. For the
HRS cohort, 19.7% reported being physically active at least three times per week, the
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lowest among all cohorts. The highest value was found in the WB cohort where 51.1%
of respondents reported engaging in physical activity at least three times per week. For
the EBB cohort, 29.7% reported being physically active.
In terms of demographic and social characteristics of the five cohorts, mean age at
baseline was highest for the AHEAD cohort at 77.68 years of age. For the CODA cohort,
the mean age at baseline was 70.63 years of age. The HRS cohort had a mean age at
baseline of 55.54 years of age. The mean age at baseline of the WB and EBB cohorts are
more similar at 52.89 years and 52.94 years, respectively.
The samples also differ by sex ratio. The oldest cohort (AHEAD) was 61.10%
female at baseline, while the CODA cohort was 58.60% female at baseline. The HRS
cohort was 52.60% female at baseline. However, the WB and EBB samples had fewer
females than males at baseline, with 46.20% females in the WB cohort at baseline and
48.3% females in the EBB cohort at baseline.
Race, measured as black or non-black, is another important covariate in the
analysis. The AHEAD cohort consisted of 13.70% blacks at baseline, and the CODA
cohort consisted of 9.00% blacks at baseline. The HRS cohort was 17.40% black at
baseline, while the WB cohort was 16.20% black at baseline. The EBB cohort at baseline
was 17.50% black.
Religious affiliation was also included as a covariate in the analysis, and it was
measured as Protestant or non-Protestant. For the three oldest cohorts, the percentage of
the sample that identified as Protestant was very similar. For the AHEAD cohort,
63.80% of the sample at baseline identified as Protestant. In the CODA cohort, the
percentage of the sample at baseline that identified as Protestant was 64.00%, and
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65.50% of the HRS cohort at baseline identified as Protestant. For the War Baby cohort,
60.40% of the sample at baseline identified as Protestant. The youngest cohort, the Early
Baby Boomers, had just 55.60% of the sample at baseline identify as Protestant.
A covariate for marital status, measured as married or not married, was included
in the analysis. For the AHEAD cohort, only 50.60% of respondents in the sample at
baseline were married. In the CODA cohort, 61.20% of respondents at baseline were
married. And 73.50% of respondents in the HRS cohort at baseline were married, while
72.20% of respondents in the WB cohort at baseline were married. For the EBB cohort,
63.90% were married at baseline.
Living alone was also included as a covariate in the analysis. In the AHEAD
cohort at baseline, 36.10% of respondents claimed to be living alone. For the CODA
cohort at baseline, 26.60% of respondents claimed to be living alone. For the three
youngest cohorts, the percentage of respondents living alone was markedly less, as
11.80% of the HRS cohort, 13.10% of the WB cohort, and 15.70% of the EBB cohort
claimed to be living alone in their respective initial waves.
The mean number of living children was also included as a covariate in the
analysis. Respondents in the initial AHEAD wave had an average of 2.69 living children,
while respondents in the initial CODA wave had an average of 3.23 living children. In
the HRS cohort at baseline, respondents had an average of 3.27 living children. The
mean number of living children was 2.72 for respondents in the WB cohort at baseline
and was 2.49 among respondents in the EBB cohort.
The final section of Table 4.2 shows means and standard deviations for several
socioeconomic and occupation measures. For the covariate education, measured as years
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of schooling, there does appear to be an increase in the mean years of schooling across
cohorts. The AHEAD cohort had the lowest mean years of schooling at 10.72 years. The
mean years of schooling were 11.87 years for the CODA cohort and 12.04 years for the
HRS cohort. The WB cohort had a mean of 13.12 years of schooling, and the EBB
cohort had a mean of 13.29 years of schooling.
Household income in dollars was also included as a covariate in the analysis. The
AHEAD cohort had the lowest mean household income at baseline of $24,722. For the
CODA cohort, the mean household income at baseline was $35,968. The HRS cohort
had a mean household income at baseline of $46,429. The mean household income at
baseline for the WB cohort was $75,883, and for the EBB cohort the mean household
income at baseline was $84,643.
Another socioeconomic measure included in the analysis as a covariate was home
ownership. For the AHEAD cohort, 71.90% of respondents were home owners at
baseline. Among respondents in the CODA cohort, 79.70% were home owners at
baseline. The HRS cohort at baseline had 78.80% of respondents identify as home
owners. In the WB cohort at baseline, 81.70% of respondents identified as home owners,
while 76.00% of respondents in the EBB cohort at baseline were home owners.
In terms of occupation covariates, longest tenure in a professional occupation was
included in the analysis. In the AHEAD cohort at baseline, only 24.80% of respondents
had held a professional occupation while in the workforce. For the CODA cohort at
baseline, 30.30% of respondents had held a professional occupation while in the
workforce. The HRS cohort at baseline had 28.30% of respondents maintained a
professional occupation while in the workforce. For the WB cohort at baseline, 34.00%
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of respondents had held a professional occupation while in the workforce. In the EBB
cohort at baseline, 32.30% of respondents had held a professional occupation while in the
workforce.
A final socioeconomic and occupation covariate included in the analysis was full
time employment at baseline. Substantially fewer respondents were employed full time
for the AHEAD and CODA cohorts in their respective baseline waves. Only 3.40% of
respondents in the AHEAD cohort were employed full time in the initial wave, while
5.90% of respondents in the CODA cohort were employed full time at baseline. Among
respondents in the HRS cohort, 55.20% were employed full time in the initial wave. In
the WB cohort, 66.70% of respondents were employed full time at baseline; for the EBB
cohort, 64.10% of respondents were employed full time at baseline.
The results of the descriptive statistics for each of the cohorts highlight some
interesting findings, indicative of social change regarding norms and values. Changes
regarding smoking, physical activity, marital status, and religious affiliation are also
evident in the descriptive statistics. However, it is the increases in mean BMI, even
among the cohorts of similar age, and the mean years of schooling across cohorts that
lend support to the motivations of this dissertation research.
4.3

Direct Associations of BMI Intercept and Slope on Health Measures
Results of the latent growth curve models to test Hypotheses 1 to 9 are shown in

Table 4.3 for each of the five cohorts. Two models were estimated for each cohort. The
basic model for each cohort shows the estimates without covariates; the second model for
each cohort shows the estimates with covariates. The associations of the covariates are
discussed later in the subsequent section of this chapter.
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Estimates of the direct associations of BMI on health conditions, disability, and
SRH for the HRS original cohort are shown in Models 1 and 2 of Table 4.3. In the basic
model (Model 1), a higher BMI in the initial wave had a positive and significant (p ≤
.001) association with the number of health conditions at baseline and its rate of change.
A high BMI at baseline was directly associated with a higher initial number of health
conditions (β=0.246) and a greater rate of change in the number of health conditions over
time (β=0.008). However, the rate of change in BMI did not significantly predict the rate
of change in the number of health conditions.
BMI at baseline also had a positive and significant (p ≤ .01) association with
disability. A high initial BMI predicted a greater level of disability at baseline (β=0.029),
indicating that the likelihood of experiencing difficulty in performing any of the ADL
tasks is greater for those with a high BMI at baseline. Initial BMI also positively
predicted the rate of change in disability (β=0.005, p ≤ .001). The rate of change in BMI
had a negative and significant (p ≤ .01) association with the rate of change in disability
(β=-0.047). Gaining more weight over time did not predict a similar rate of change in
disability, but a rather flat rate of change in disability compared to those who experienced
a slower rate of change in BMI.
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HRS cohort
Model 1
Model 2
w/
Basic
Covariates
0.246 *** 0.220 ***
0.008 *** 0.010 ***
0.031
0.017
0.029 **
0.017
0.005 *** 0.005 ***
−0.047 *
−0.032
−0.047 *** −0.023 **
0.001
0.000
0.040 *
0.047 **

AHEAD cohort
Model 3
Model 4
w/
Basic
Covariates
0.098 *** 0.108 ***
0.006 **
0.003
−0.148 *** −0.148 ***
−0.018
0.021
−0.004
−0.001
−0.255 *** −0.226 ***
0.010
0.043 ***
−0.006 ** −0.005 **
0.033
0.043 *

Unstandardized Regression Coefficients, Reduced and Full Models, by Cohort

BMI intercept --> HC intercept
BMI intercept --> HC slope
BMI slope --> HC slope
BMI intercept --> ADL intercept
BMI intercept --> ADL slope
BMI slope --> ADL slope
BMI intercept --> SRH intercept
BMI intercept --> SRH slope
BMI slope --> SRH slope
Notes: *p≤.05; **p≤.01; ***p≤.001.
HC = Health condition index; ADL = activities of daily living index; SRH = self-rated health; BMI = body mass index.
HRS = Health & Retirement Study initial cohort; AHEAD = Assets & Health Dynamics Cohort.
Basic models do not include any covariates. Effects of covariates on each slope and intercept are shown in Tables 4.5 to 4.6.

Table 4.3

0.984

0.984
0.984
0.984
23262
14214

NNFI
CFI
IFI
AIC
BIC

Model 1
0.982
0.985
0.985
25285
11436

0.984

Model 2

HRS cohort

0.952
0.954
0.954
28793
20768

0.953

Model 3
0.942
0.952
0.952
32251
20869

0.951

Model 4

AHEAD cohort

0.970
0.972
0.972
4359
1303

0.970

Model 5
0.960
0.970
0.970
5707
24

0.966

Model 6

CODA cohort

Goodness of Fit Statistics, Reduced and Full Models, by Cohort

NFI

Table 4.4
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0.987
0.988
0.988
2445
-399

0.986

Model 7
0.982
0.986
0.986
3523
-1927

0.983

Model 8

WB cohort

0.993
0.995
0.995
572
-242

0.993

Model 9

0.989
0.995
0.995
1199
-1031

0.992

Model 10

EBB cohort

Initial BMI had a negative and significant (p ≤ .001) association with self-rated
health at baseline. This finding indicates that a high BMI at baseline predicted a lower
initial self-rated health (β=-0.047). Initial BMI did not predict the rate of change in selfrated health over time. However, the rate of change in BMI did positively and
significantly (p ≤ .05) predict the rate of change in self-rated health (β=0.040). Gaining
more weight over time did not predict in a faster decline in self-rated health, but a rather
flat rate of change compared to those who lost or maintained their body mass.
The goodness-of-fit statistics for Model 1, shown in Table 4.4, indicate a
reasonably good fit. The normed fit index (NFI), the non-normed fit index (NNFI), the
comparative fit index (CFI), and the incremental fit index (IFI) are all 0.984. For each of
these indices, values closer to 1 indicate a good model fit.
Model 2 in Table 4.3 shows the direct effect of BMI on each of the three
measures of health with adjustments for several covariates. Initial BMI had a positive
and significant (p ≤ .001) association with the number of health conditions at baseline
and its rate of change, net of covariates. A high BMI at baseline positively predicted both
a higher initial number of health conditions (β=0.220) and a faster rate of change in the
number of health conditions (β=0.010). However, the rate of change in BMI did not
significantly predict the rate of change in the number of health conditions.
BMI at baseline did not predict initial disability, but initial BMI did positively and
significantly (p ≤ .001) predict the rate of change in disability (β=0.005). The rate of
change in BMI over time did not have a significant association with the rate of change in
disability.
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Initial BMI had a negative and significant (p ≤ .01) association with self-rated
health at baseline, net of covariates. Higher BMI scores at baseline were associated with
lower initial self-rated health scores (β=-0.023). BMI at baseline did not predict the rate
of change in self-rated health. However, the rate of change in BMI did positively and
significantly (p ≤ .01) predict the rate of change in self-rated health (β=0.047). Gaining
more weight over time did not result in a faster decline in self-rated health, but a rather
flat rate of change compared to those who lost or maintained their body mass.
The goodness-of-fit statistics for Model 2, shown in Table 4.4, indicate a
reasonably good fit. The NFI of 0.984, the NNFI of 0.982, the CFI of 0.985, and the IFI
of 0.985 all indicate a good model fit. The Akaike information criterion (AIC) and
Bayesian information criterion (BIC) can be used to compare models, as these values are
not meaningful on their own. Between Models 1 and 2, the lower AIC value and the
higher BIC value of Model 1 indicate that it is a better model than Model 2. However,
this finding may simply be a reflection of Model 1 as the parsimonious model.
Estimates of the direct effects of BMI on health conditions, disability, and selfrated health status for the AHEAD cohort are shown in Models 3 and 4 of Table 4.3. In
the basic model (Model 3), BMI at baseline had a positive and significant association
with the number of health conditions at baseline and the rate of change in the number of
health conditions. Higher BMI at baseline was associated with higher initial number of
health conditions (β=0.098, p ≤ .001) and with a faster rate of change in the number of
health conditions (β=0.006, p ≤ .01). Surprisingly, the rate of change in BMI had a
negative and significant (p ≤ .001) association with the rate of change in the number of
health conditions. Gaining more weight over time predicted a slower rate of change in
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the number of health conditions (β=-0.148) compared to weight maintenance or weight
loss.
BMI at baseline did not significantly predict disability at baseline or the rate of
change in disability. However, the rate of change in BMI had a negative and significant
(p ≤ .001) association with the rate of change in disability. Gaining more weight over
time predicted a slower rate of change in disability (β=-0.255) compared to weight
maintenance or weight loss.
Initial BMI did not significantly predict self-rated health at baseline. However,
initial BMI did have a negative and significant (p ≤ .01) association with the rate of
change in self-rated health. Higher initial BMI resulted in a faster rate of change, or a
greater decline, in self-rated health. The rate of change in BMI did not significantly
predict the rate of change in self-rated health.
The goodness-of-fit statistics for Model 3, shown in Table 4.4, indicate a
reasonably good fit because the values in the indices are fairly close to 1. The NFI value
is 0.953, the NNFI is 0.952, and the CFI and IFI each are 0.954.
Model 4 in Table 4.3 shows the associations of BMI with each of the three
measures of health with adjustments for several covariates. Initial BMI had a positive
and significant (p ≤ .001) association with the number of health conditions at baseline,
net of covariates. A high BMI at baseline positively predicted a higher initial number of
health conditions (β=0.108). However, BMI at baseline did not significantly predict the
rate of change in the number of health conditions, although the rate of change in BMI
negatively and significantly (p ≤ .001) predicted the rate of change in the number of
health conditions (β=-0.148). Gaining more weight over time was associated with a
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slower rate of change in the number of health conditions compared to weight loss or
maintenance.
BMI at baseline did not significantly predict initial disability, nor did it
significantly predict the rate of change in disability. But the rate of change in BMI over
time did have a negative and significant (p ≤ .001) association with the rate of change in
disability (β=-0.226). Gaining more weight over time was associated with a slower rate
of change in disability compared to weight loss or maintenance.
Initial BMI had a positive and significant (p ≤ .001) association with self-rated
health at baseline, net of covariates. Higher initial BMI was associated with better selfrated health at baseline (β=0.043). BMI at baseline was negatively and significantly (p ≤
.01) associated with the rate of change in self-rated health (β=-0.005). Having a higher
BMI at baseline resulted in a slower decline in self-rated health compared to a lower
initial BMI. The rate of change in BMI was positively and significantly (p ≤ .05)
associated with the rate of change in self-rated health (β=0.043). Gaining more weight
over time predicted a better self-rated health over time compared to weight loss or
maintenance.
The goodness-of-fit statistics for Model 4, shown in Table 4.4, indicate a
reasonably good fit, although not as good as that of Model 3. The NFI of 0.951, the
NNFI of 0.942, the CFI of 0.952, and the IFI of 0.952 all indicate a good model fit. In
comparing Models 3 and 4, the AIC indicates a better fit for Model 3, but the BIC
indicates a better fit for Model 2. This finding likely reflects that Model 3 is the
parsimonious model.
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Estimates of the direct associations of BMI with health conditions, disability, and
self-rated health status for the CODA cohort are shown in Models 5 and 6 in Table 4.3.
The basic model (Model 5) shows that BMI at baseline had a positive and significant (p ≤
.001) association with the number of health conditions at baseline (β=0.199). Neither
BMI at baseline, nor the rate of change in BMI, are significantly associated with the rate
of change in the number of health conditions.
BMI at baseline had a positive and significant (p ≤ .01) association with disability
at baseline (β=0.071). Higher initial BMI was associated with a higher ADL score.
There was no significant association between BMI at baseline and the rate of change in
disability. But the rate of change in BMI was negatively and significantly (p ≤ .001)
associated with the rate of change in disability (β=-0.228). A faster increase in BMI over
time results in a slower rate of change in disability.
Initial BMI was not significantly associated with self-rated health at baseline.
Yet, initial BMI was positively and significantly (p ≤ .05) associated with the rate of
change in self-rated health. Higher initial BMI positively predicted a faster rate of
change in self-rated health (β=0.010) compared to a lower initial BMI. The rate of
change in BMI was not significantly associated with the rate of change in self-rated
health.
The goodness-of-fit statistics for Model 5, shown in Table 4.4, indicate a
reasonably good fit. The NFI and the NNFI are each 0.970. The CFI and the IFI are each
0.972.
Model 6 in Table 4.3 shows the associations of BMI with each of the three
measures of health with adjustments for several covariates for the CODA cohort. Initial
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BMI had a positive and significant (p ≤ .001) association with the number of health
conditions at baseline, net of covariates. Higher BMI at baseline was associated with
higher initial number of health conditions (β=0.168). However, BMI at baseline was not
significantly associated with the rate of change in the number of health conditions over
time, nor was the rate of change in BMI associated with the rate of change in the number
of health conditions.
Initial BMI was positively and significantly (p ≤ .01) associated with initial
disability (β=0.066), where higher BMI at baseline resulted in higher ADL scores. BMI
at baseline, however, was not significantly association with the rate of change in
disability; but the rate of change in BMI did have a negative and significant (p ≤ .001)
association with the rate of change in disability (β=-0.518). Gaining more weight over
time was not associated with a similar rate of increase in disability, but with a slower rate
of change in disability compared to that for those who maintained or lost weight.
Initial BMI was not significantly associated with self-rated health at baseline, nor
was initial BMI significantly associated with the rate of change in self-rated health. The
rate of change in BMI was also not significantly associated with the rate of change in
self-rated health.
The goodness-of-fit statistics for Model 6, shown in Table 4.4, indicate a
reasonably good fit, although not as good as that of Model 5. The NFI is 0.966, the NNFI
is 0.960, and the CFI and the IFI are each 0.970. In comparing Models 5 and 6, the AIC
and BIC each indicate that Model 5 has a better fit than Model 6. However, this may
simply reflect that Model 5 is the parsimonious model as covariates are not included.
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Estimates of the direct associations of BMI with health conditions, disability, and
self-rated health status for the War Baby cohort are shown in Models 7 and 8 in Table
4.3. The basic model, Model 7, shows that BMI at baseline had a positive and significant
(p ≤ .001) association with the number of health conditions at baseline (β=0.338). Higher
initial BMI was associated with a greater number of health conditions. Neither BMI at
baseline, nor the rate of change in BMI, were significantly associated with the level of
change in the number of health conditions.
BMI at baseline also had a positive and significant (p ≤ .05) association with
disability at baseline (β=0.061). Higher initial BMI was associated with higher ADL
scores at baseline. However, neither BMI at baseline, nor the rate of change in BMI,
were associated with the rate of change in disability.
Initial BMI was negatively and significantly (p ≤ .01) associated with self-rated
health at baseline (β=-0.061). Higher initial BMI predicted lower self-rated health. BMI
at baseline did not have a significant association with the rate of change in self-rated
health, but the rate of change in BMI did have a positive and significant (p ≤ .05)
association with the rate of change in self-rated health (β=0.122). Gaining more weight
over time was associated with a faster rate of change in self-rated health.
The goodness-of-fit statistics for Model 7 indicate a reasonably good fit. The NFI
is 0.986, the NNFI is 0.987, and the CFI and the IFI are each 0.988.
Model 8 in Table 4.3 shows the association of BMI with each of the three
measures of health with adjustments for several covariates for the War Baby cohort.
Initial BMI had a positive and significant (p ≤ .001) association with the number of health
conditions at baseline, net of covariates. Higher BMI at baseline was associated with a
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higher initial number of health conditions (β=0.306). BMI at baseline also had a positive
and significant (p ≤ .05) association with the rate of change in health conditions
(β=0.007). Higher starting BMI predicted a greater rate of change in the number of
health conditions. However, the rate of change in BMI was not associated with the rate
of change in the number of health conditions.
Initial BMI had a positive and significant (p ≤ .05) association with initial
disability (β=0.059), where higher BMI was associated with higher scores on the ADL
index. BMI at baseline, however, was not significantly associated with the rate of change
in disability, nor did the rate of change in BMI have a significant association with the rate
of change in disability.
Initial BMI had a negative and significant (p ≤ .05) association with self-rated
health at baseline (β=-0.048). Higher initial BMI was associated with lower initial selfrated health status. BMI at baseline did not have a significant association with the rate of
change in self-rated health; but the rate of change in BMI had a positive and significant (p
≤ .05) association with the rate of change in self-rated health (β=0.265). Gaining more
weight over time was associated with a faster rate of change in self-rated health.
The goodness-of-fit statistics for Model 8 (shown in Table 4.4) indicate a
reasonably good fit, although not as good as that of Model 7. The NFI is 0.983, the NNFI
is 0.982, and the CFI and the IFI are each 0.986. In comparing Models 7 and 8, the AIC
and BIC both indicate that Model 7 is a better fit than Model 8. As with the previously
discussed cohorts, this finding likely reflects that Model 7 is the parsimonious model.
Estimates of the direct effects of BMI on health conditions, disability, and selfrated health status for the Early Baby Boomer (EBB) cohort are shown in Models 9 and
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10 in Table 4.3. In the basic model (Model 9), BMI at baseline had a positive and
significant association with the number of health conditions at baseline (β=0.307, p ≤
.001) and with the rate of change in the number of health conditions (β=0.014, p ≤ .01).
Higher initial BMI was associated with higher initial scores on the health conditions
index. Higher initial BMI was also associated with a greater rate of change in the number
of health conditions. However, the rate of change in BMI did not have a significant
association with the rate of change in the number of health conditions.
Initial BMI also had a positive and significant (p ≤ .001) association with
disability at baseline (β=0.120), as higher BMI at baseline was associated with higher
ADL scores. Initial BMI had a negative and significant (p ≤ .01) association with the rate
of change in disability (β=-0.021). Higher BMI at baseline was associated with a slower
rate of change in disability compared to lower initial BMI. The rate of change in BMI
did not have a significant association with the rate of change in disability.
Initial BMI had a negative and significant (p ≤ .01) association with self-rated
health at baseline (β=-0.062). Higher BMI was associated with lower self-rated health.
Neither BMI at baseline nor the rate of change in BMI had a significant association with
the rate of change in self-rated health.
The goodness-of-fit statistics for Model 9 in Table 4.4 indicate a reasonably good
fit. The NFI and the NNFI are each 0.993; the CFI and the IFI are each 0.995. All four
indices suggest good model fit.
Model 10 in Table 4.3 shows the associations of BMI with health conditions,
disability, and SRH with adjustments for several covariates for the Early Baby Boomer
cohort. Initial BMI had a positive and significant (p ≤ .001) association with the number
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of health conditions at baseline (β=0.267), net of covariates. Higher BMI at baseline was
associated with higher scores on the health conditions index. BMI at baseline also had a
positive and significant (p ≤ .01) association with the rate of change in the number of
health conditions (β=0.015). Higher BMI at baseline was associated with a faster rate of
change in the health conditions index. However, the rate of change in BMI did not have
a significant association with the rate of change in the number of health conditions.
Initial BMI had a positive and significant (p ≤ .001) association with initial
disability (β=0.117), where higher BMI at baseline was associated with higher scores on
the ADL index. BMI at baseline, however, had a negative and significant (p ≤ .01)
association with the rate of change in disability (β=-0.020). Higher BMI, relative to
lower BMI, at baseline was associated with a slower rate of change in the level of
disability. However, the rate of change in BMI did not have a significant association
with the rate of change in disability.
Initial BMI had a negative and significant (p ≤ .01) association with self-rated
health at baseline (β=-0.051). Higher initial BMI was associated with lower initial selfrated health status. Neither BMI at baseline, nor the rate of change in BMI, had
significant associations with the rate of change in self-rated health.
The goodness-of-fit statistics for Model 10, shown in Table 4.4, indicate a
reasonably good fit, although not as good as that of Model 9. The NFI is 0.992, the NNFI
is 0.989, and the CFI and the IFI are each 0.995. In comparing Models 9 and 10, both the
AIC and BIC indicate a better fit for Model 9. However, it is likely because Model 9 is
the parsimonious model.
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4.4
4.4.1

Covariate Associations with Intercepts and Slopes of BMI and Health
Measures
Covariate Associations for the HRS Cohort
Table 4.5 presents the associations of the covariates with the intercepts and slopes

of BMI, health conditions, disability, and SRH for the HRS cohort. The results indicate
that the observed BMI of females at baseline in the HRS cohort was lower than that of
males at baseline in the HRS cohort (p ≤ .001). However, the change in BMI increased at
a faster rate for females than for males (p ≤ .001). In terms of health conditions, the
observed number of health conditions for females at baseline was 0.034 units higher than
that of males (p ≤ .001). The rate of change in the number of health conditions was not
statistically different for females compared to males. Females also had ADL scores at
baseline that were 0.041 units less than those of males (p ≤ .001), indicating that women
were less likely to have any difficulty with any of the ADL tasks relative to men in the
initial wave. However, the change in disability increased at a faster rate for females than
for males (p ≤ .001), suggesting that the increase in ADL scores over time for females
was greater than that of males, despite lower mean disability at baseline for females.
Finally, initial self-rated health for females was higher than that of males (p ≤ .001),
indicating that, on average, women reported better SRH than men in the initial wave.
The rate of change in self-rated health was slower for females relative to males (p ≤ .05).
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Table 4.5

Unstandardized Regression Coefficients for Covariates, HRS Cohort

Notes: *p≤.05; **p≤.01; ***p≤.001. n=9763.
BMI = Body mass index; ADL = Activities of daily living; SRH = self-rated health.
Corresponds to Full Model or Model 2 in Table 4.3.
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The mean BMI of blacks in the HRS cohort was higher than that of non-blacks, as
the starting BMI of blacks averaged 0.132 units higher than that of non-blacks (p ≤ .001).
However, the rate of change in BMI was slower for blacks compared to non-blacks (p ≤
.001). For the health conditions intercept, the number of health conditions for blacks at
baseline was 0.035 units higher than for non-blacks (p ≤ .001). The rate of change in
health conditions was slower for blacks relative to non-blacks (p ≤ .001). Blacks also had
mean ADL scores that were 0.038 units greater than those of non-blacks (p ≤ .001),
indicating that blacks were more likely to have any difficulty with any of the ADL tasks
relative to non-blacks in the initial wave. However, the rate of change in disability was
not statistically different for blacks compared to non-blacks. Self-rated health at baseline
for blacks was 0.046 units lower than that of non-blacks (p ≤ .001), indicating that, on
average, blacks reported worse self-rated health than non-blacks in the initial wave, net of
all of variables in the model. The rate of change in self-rated health was greater for
blacks relative to non-blacks (p ≤ .05), suggesting that the rate of change in self-rated
health for blacks was faster than the rate of change in self-rated health for non-blacks.
Education has an inverse relationship with initial BMI, where every additional
year of schooling resulted in a 0.063 unit decrease in the BMI intercept (p ≤ .001).
Higher levels of educational attainment are associated with lower BMI. The relationship
between years of schooling and the BMI slope is not statistically significant. Education
also has an inverse relationship with the health conditions slope. For every additional
year of schooling, there was a 0.065 unit decrease in the initial number of health
conditions (p ≤ .001). Higher levels of educational attainment were associated with
fewer health conditions. However, the relationship between education and the health
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conditions slope was not statistically significant. Again, education had an inverse
relationship with disability at baseline. For every additional year of schooling, there was
a 0.074 unit decrease in the ADL intercept (p ≤ .001), although education did not have a
significant association with the rate of change in disability. Education had a positive
relationship with SRH at baseline, as every additional year of schooling resulted in a
0.183 increase in initial SRH (p ≤ .001). Essentially, persons with more years of
schooling have better self-rated health. Education did have an association with the SRH
slope (p ≤ .001), indicating that the SRH of persons with more years of schooling
changed at a slower rate than for persons with fewer years of schooling.
The BMI intercept for Protestants was not significantly different from that of nonProtestants, although the BMI slope or change over time for Protestants increased at a
faster rate relative to non-Protestants (p ≤ .01). For the health conditions intercept, the
initial number of health conditions for Protestants was 0.064 units higher than for nonProtestants (p ≤ .001). There was no statistically significant difference in the health
conditions slope for Protestants compared to non-Protestants. There was also not a
statistically significant difference in the disability intercept, disability slope, or the SRH
intercept for Protestants relative to non-Protestants. However, the rate of change in SRH
was faster for Protestants than for non-Protestants (p ≤ .05).
Age had an inverse relationship with mean BMI, where every one year increase in
age resulted in a 0.023 unit decrease in the BMI intercept (p ≤ .01). Age also had a
significant associations with the BMI slope, indicating that BMI increased at a slower
rate for those at older ages. Age had a positive and significant association with the health
conditions slope, where every one year increase in age predicted a 0.088 unit increase in
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the initial number of health conditions (p ≤ .001). Age also had a significant association
with the rate of change in health conditions, suggesting that the number of health
conditions increased at a slower rate for those at older ages (p ≤ .01). Age had an inverse
relationship with disability at baseline. For every one year increase in age, there was a
0.039 unit decrease in the ADL intercept (p ≤ .001). The rate of change in disability was
also associated with age, as the rate of change in disability increased at a faster rate for
those at older ages (p ≤ .001). Age had a significant and positive association with the
SRH intercept. For every one year increase in age, there was a 0.016 unit increase in
initial self-rated health (p ≤ .05). Adults at older ages had better self-rated health than
their younger peers. Age, however, did not have a statistically significant association
with the rate of change in SRH.
The results indicate that the initial BMI of adults who had never smoked was
greater than that of current and former smokers (p ≤ .001). The initial BMI for adults
who had never smoked was 0.058 units higher than the initial BMI of current and former
smokers. However, the rate of change in BMI was slower for adults who had never
smoked compared to that of their peers who were current or former smokers (p ≤ .001).
In terms of health conditions, the number of health conditions at baseline was 0.091 units
lower for adults who had never smoked compared to adults who were or are smokers (p ≤
.001), indicating that adults who had never smoked had fewer health conditions at
baseline. The health conditions slope was also statistically different for non-smokers
compared to current or former smokers. The rate of change in the number of health
conditions was slower for non-smokers than for current or former smokers (p ≤ .001). In
terms of disability, the results indicate that there was not a significant difference in the
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ADL intercept of non-smokers and current or former smokers; yet there was a significant
difference in the ADL slope of non-smokers and current or former smokers. The rate of
change in disability was faster for non-smokers than for current or former smokers (p ≤
.05). Finally, the initial SRH for non-smokers was higher than that of current or former
smokers (p ≤ .01), indicating that, on average, non-smokers reported better SRH than
current or former smokers in the initial wave. There was not a statistically significant
difference in the SRH slopes of non-smokers and current or former smokers.
Physical activity was negatively associated with the BMI intercept. The initial
BMI for those who engaged in physical activity 3 or more times per week was 0.078
units lower than the initial BMI of those who engaged in physical activity fewer than 3
times per week (p ≤ .001). However, the BMI slope was not statistically different for
those engaging in physical activity at least 3 times per week and those engaging in
physical activity fewer than 3 times per week. In terms of health conditions, the number
of health conditions at baseline was 0.053 units lower for those who engaged in physical
activity at least 3 times per week than for those who engaged in physical activity fewer
than 3 times per week (p ≤ .001), indicating that adults who exercised at least 3 times per
week had fewer health conditions in the initial wave. The health conditions slope was not
statistically different for those who engaged in physical activity at least 3 times per week
compared to those engaged in physical activity fewer than 3 times per week. In terms of
ADL, initial disability for adults who engaged in physical activity at least 3 times per
week was 0.044 units lower than that of adults who engaged in physical activity fewer
than 3 times per week (p ≤ .001). There was also a significant difference in the ADL
slope for the two physical activity groups. Disability changed over time at a faster rate
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for those who engaged in physical activity at least 3 times per week relative to those who
engaged in physical activity fewer than 3 times per week (p ≤ .001). Finally, SRH at
baseline for those who engaged in physical activity at least 3 times per week was 0.047
units higher than that of those who engaged in physical activity fewer than 3 times per
week (p ≤ .001), meaning that adults who exercised at least 3 times per week had better
self-rated health in the initial wave. SRH for those who engaged in physical activity at
least 3 times per week changed at a slower rate over time relative to those who engaged
in physical activity fewer than 3 times per week (p ≤ .01).
Household income had an inverse relationship with the BMI intercept, where
every dollar increase in income predicted a 0.056 unit decrease in mean BMI at baseline
(p ≤ .001). Income also had a significant association with the BMI slope (p ≤ .05),
indicating that BMI changed at a faster rate over time for persons who had higher
incomes at baseline. Income had a negative and significant association with the health
conditions slope, where every dollar increase in income predicted a 0.043 unit decrease in
the initial number of health conditions (p ≤ .001). However, income did not have a
significant association with the health conditions trajectory. Income also had an inverse
relationship with mean ADL at baseline. For every dollar increase in income, there was a
predicted 0.023 unit decrease in the ADL intercept (p ≤ .05). Income did not have a
significant association with the ADL trajectory. Household income had a significant and
positive association with the SRH intercept. For every dollar increase in household
income, there was a 0.076 unit increase in initial SRH (p ≤ .001). Adults with higher
incomes reported better self-rated health. Income, however, did not have a statistically
significant association with the rate of change in SRH.
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The BMI intercept and the BMI slope were not statistically different for home
owners and non-home owners. In terms of health conditions, the number of health
conditions at baseline was 0.046 units lower for home owners than for non-owners (p ≤
.001), indicating that home owners had fewer health conditions. However, the health
conditions slope was not statistically different for home owners and non-owners.
Disability at baseline for home owners was 0.049 units lower than that of non-home
owners (p ≤ .001), suggesting that home owners had a lower level of disability than
adults who did not own their home. The trajectory of disability was not statistically
different for home owners and non-owners. Finally, SRH at baseline for home owners
was 0.034 units higher than that of non-owners (p ≤ .001), indicating that, on average,
home owners reported better SRH than non-home owners in the initial wave. Over time,
SRH changed at a slower rate for home owners relative to non-owners (p ≤ .01).
The number of living children had a positive relationship with the BMI intercept.
For each additional living child, the BMI intercept increased 0.066 units (p ≤ .001).
However, the number of living children was not significantly related to the BMI slope.
The number of living children also had a positive relationship to health conditions, where
each additional living child predicted a 0.030 unit increase in the initial number of health
conditions (p ≤ .01). However, the number of living children did not have significant
association with the health conditions trajectory. The number of living children was not
significantly associated with disability or SRH.
There was no significant difference in the BMI intercepts of those who are
married compared to those who are not married. However, the BMI slope was significant
(p ≤ .05), indicating that the rate of change in BMI was slower for those who are married
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compared to those who are not married. The rate of change in BMI was flatter for
married persons in the sample relative to the non-married. In terms of health conditions,
the number of health conditions at baseline was 0.058 units lower for married persons
than for non-married persons (p ≤ .001), indicating that those who are married had fewer
health conditions. There was a significant difference in the health conditions slope for
those who are married and those who are not married (p ≤ .01). The rate of change in
health conditions was faster for married persons relative to those who are not married. In
terms of disability, the ADL intercept was 0.046 units lower for married persons than for
non-married persons (p ≤ .001), indicating that married adults had a lower level of
disability in the initial wave compared to non-married adults. There was not a
statistically significant difference in the disability slope, the disability intercept, and the
SRH slopes of married persons and non-married persons.
There are few significant differences between adults living alone and adults who
do not live alone. The only significant difference lies in the health conditions slope. The
rate of change in the number of health conditions was slower for adults living alone
compared to adults who do not live alone (p ≤ .05).
There was not a statistically significant difference in BMI intercept and BMI
slope for adults employed full time and adults not employed full time. However, the
number of health conditions at baseline for those employed full time was 0.165 units
lower than the number of health conditions for those not employed full time (p ≤ .001).
This finding was expected given that some health conditions may prevent people from
working full time. The health conditions slope was also statistically different for those
employed full time compared to those who are not employed full time. The number of
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health conditions for adults employed full time changed at a faster rate than that for
adults not employed full time (p ≤ .001). The results show that disability at baseline for
those employed full time was 0.146 units lower than for those not employed full time (p
≤ .001). Again, this finding is expected as disability may prevent full time employment.
Disability over time changed at a faster rate for the full-time employed compared to those
who are not employed full time (p ≤ .001). Finally, SRH at baseline for the full-time
employed was 0.061 units higher than for adults not employed full time (p ≤ .001),
indicating that adults who were employed full time, on average, reported better SRH than
adults who were not employed full time in the initial wave. The SRH for full-time
employed adults changed at a slower rate than the SRH of adults who were not employed
full time (p ≤ .001).
There was not a statistically significant difference in the BMI intercepts of those
in a professional occupation and those not in a professional occupation. However, the
BMI slope was statistically significant (p ≤ .05). BMI of adults in professional
occupations changed more slowly than did the BMI of adults not in professional
occupations. There was not a statistically significant difference in the health conditions
intercept or slope of those in a professional occupation and those not in a professional
occupation. The ADL intercept was 0.019 units higher for those in professional
occupations than for those in other occupations (p ≤ .05). However, there was not a
significant difference in the disability trajectory for those in professional occupations and
those in other occupations. There was also not a significant difference in the SRH
intercept and slope for those in professional occupations and those in other occupations.
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4.4.2

Covariate Associations for the AHEAD Cohort
Table 4.6 presents the relationships of the covariates to BMI, health conditions,

disability, and SRH for the AHEAD cohort. Several covariates had a significant
association with BMI at baseline. BMI at baseline for females was lower than that of
males (p ≤ .001). BMI for females also changed at a slower rate over time compared to
the BMI for males (p ≤ .001). The number of health conditions for females at baseline
was 0.033 units higher for females than for males (p ≤ .05). The trajectory of health
conditions was not statistically different for females compared to males. Females also
had an ADL score at baseline that was 0.026 units greater than that of males (p ≤ .05),
indicating that women were more likely to have difficulty with any ADL relative to males
in the initial wave. Disability changed at a faster rate over time for females than for
males (p ≤ .001), suggesting a wider gap in disability between women and men. Finally,
the SRH for females at baseline was lower than that of males (p ≤ .05), indicating that, on
average, women reported worse SRH than did men in the initial wave. SRH of females
changed at a faster rate over time relative to the SRH of males (p ≤ .05), suggesting less
difference in SRH for women and men over time.
The initial BMI of blacks was higher than that of non-blacks, as the starting BMI
of blacks averaged 0.097 units higher than that of non-blacks (p ≤ .001). However, the
rate of change in BMI for blacks was slower than that for non-blacks (p ≤ .01). For the
health conditions intercept and slope, there was not a statistically significant difference
between blacks and non-blacks. The initial ADL score of blacks was not statistically
different from that of non-blacks. However, the ADL trajectory for blacks was steeper
than that of non-blacks (p ≤ .01). Finally, SRH at baseline for blacks was 0.036 units
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lower than that of non-blacks (p ≤ .001); on average, blacks reported worse SRH than
non-blacks in the initial wave. The rate of change in SRH over time for blacks was not
statistically different from that of non-blacks.
Education had an inverse relationship with BMI, where each additional year of
schooling predicted a 0.092 unit decrease in the BMI intercept (p ≤ .001). Adults with
more years of schooling had lower BMI than adults with fewer years of schooling. The
relationship between years of schooling and the change in BMI was not statistically
significant. Education also had an inverse relationship with the initial number of health
conditions. For each additional year in schooling, there was a 0.090 unit decrease in the
initial number of health conditions (p ≤ .001). Adults with more years of schooling
experienced a faster rate of change in the number of health conditions over time
compared to their less educated peers (p ≤ .01). Again, education had an inverse
relationship with disability at baseline. For each additional year in schooling, there was a
0.090 unit decrease in the ADL intercept (p ≤ .001). Adults with more years of schooling
had lower ADL scores in the initial wave compared to adults with fewer years of
schooling. Education also had a significant association with the rate of change in ADL
scores over time (p ≤ .01), as adults with more years of schooling experienced a faster
rate of change in disability over time compared to their less educated peers. Education
had a positive relationship with SRH at baseline, as each additional year in schooling
predicted a 0.118 increase in SRH in the initial wave (p ≤ .001). Adults with more years
of schooling reported better self-rated health in the initial wave compared to adults with
fewer years of schooling. However, the relationship between education and the rate of
change in SRH was not statistically significant.
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Table 4.6

Unstandardized Regression Coefficients for Covariates, AHEAD Cohort

Notes: *p≤.05; **p≤.01; ***p≤.001. n=7381.
BMI = Body mass index; ADL = Activities of daily living; SRH = self-rated health.
Corresponds to Full Model or Model 4 in Table 4.3.
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The BMI for Protestants at baseline was statistically different from that of nonProtestants. The BMI for Protestants at baseline was 0.023 units lower than that of nonProtestants (p ≤ .05); on average, Protestants had lower BMI than non-Protestants in the
initial wave. However, the BMI slope or change over time for Protestants was not
statistically different from that of non-Protestants. For the health conditions intercept, the
number of health conditions at baseline for Protestants was 0.052 units higher than for
non-Protestants (p ≤ .001); on average, Protestants had a greater number of health
conditions compared to non-Protestants. And the change in health conditions over time
was slightly steeper for Protestants compared to non-Protestants (p ≤ .05), reflecting a
greater difference in the number of health conditions over time between the two groups.
There was not a statistically significant difference in the disability intercept for
Protestants relative to non-Protestants. The rate of change in disability over time was
statistically significant, as the rate of change in ADL scores was somewhat steeper for
Protestants compared to non-Protestants (p ≤ .01). Initial SRH for Protestants was 0.017
units lower than that of non-Protestants (p ≤ .05), indicating that non-Protestants had
better SRH in the initial wave. The rate of change in SRH for Protestants was not
statistically different from that of non-Protestants.
Age had an inverse relationship with initial BMI, where each additional year of
age predicted a 0.217 unit decrease in the BMI intercept (p ≤ .001). Age also had a
significant association with the BMI slope (p ≤ .001), as adults at older ages experienced
a faster rate of change in BMI over time relative to those at younger ages. Age had a
positive and significant association with the health conditions slope, where each
additional year of age predicted a 0.067 increase in the initial number of health conditions
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(p ≤ .001). Age also had a significant association with the rate of change in the number
of health conditions (p ≤ .001), as adults at older ages experienced a slower rate of
change in the number of health conditions over time. Age had a positive relationship
with ADL scores at baseline. For each additional year of age, there was a 0.198 unit
increase in the disability intercept (p ≤ .001). Adults at older ages entered the study with
a greater level of disability than adults at younger ages in the study. Age also had a
significant and positive relationship with the ADL slope (p ≤ .001). Adults at older ages
experienced a faster rate of change in disability over time, resulting in a wider disability
gap between the older and younger adults. Age had a significant, but negative
association with the SRH intercept. For each additional year of age, there was a 0.077
unit decrease in the mean level of SRH (p ≤ .05), where adults at older ages, on average,
entered the study with worse self-rated health than their younger peers. Age, however,
did not have a statistically significant relationship with the rate of change in SRH.
The results indicate that the BMI intercept of non-smokers is greater than that of
current or former smokers (p ≤ .01). The mean BMI for non-smokers was 0.044 units
higher than the mean BMI of current or former smokers. Adults who had never smoked,
on average, reported higher body mass than did their counterparts who were current or
former smokers. However, the rate of change in BMI was less steep for non-smokers
than for current or former smokers (p ≤ .05). The number of health conditions at baseline
was 0.040 units lower for non-smokers than for current or former smokers (p ≤ .01), as
adults who had never smoked had fewer health conditions. The health conditions slope
(p ≤ .001) was also statistically different for non-smokers compared to current or former
smokers. Over time, the number of health conditions for non-smokers changed at a
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slower and flatter rate than did the number for current or former smokers, resulting in a
greater difference in the mean number of health conditions between non-smokers and
current or former smokers. In terms of ADL scores, the results indicate that there was no
significant difference in the disability intercept of non-smokers and current or former
smokers; yet there was a significant difference in the disability slope of non-smokers and
current or former smokers (p ≤ .001). ADL scores for non-smokers changed at a slower
rate over time or less steep trajectory compared to current or former smokers, resulting in
a wider gap in disability status between non-smokers and current or former smokers.
Finally, the SRH for non-smokers at baseline was higher than that of current or former
smokers (p ≤ .001), indicating that, on average, non-smokers reported better SRH than
current or former smokers in the initial wave. However, the rate of change in SRH was
greater for non-smokers than for current or former smokers (p ≤ .001), as adults who had
never smoked experienced a steeper rate of change in SRH than their smoking peers.
Household income did not have a significant relationship with the BMI intercept;
but it had a significant relationship with the BMI slope (p ≤ .001). Adults with higher
incomes experienced a slower rate of change in BMI on average, reflecting a wider gap in
BMI between adults with higher incomes and lower incomes. Income had a negative and
significant association with the health conditions slope, where each dollar increase in
household income predicted a 0.035 decrease in the initial number of health conditions (p
≤ .01). However, income did not have significant association with the health conditions
trajectory. Income also had an inverse relationship with ADL scores. For each dollar
increase in household income, there was a 0.030 unit decrease in the ADL intercept (p ≤
.01); on average, adults with higher incomes had lower disability scores than did adults
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with lower incomes. Income did not have significant relationship with the rate of change
in disability. Income had a significant and negative association with the SRH intercept.
For each dollar increase in household income, there was a 0.031 increase in initial SRH
(p ≤ .01); on average, adults with higher incomes reported better self-rated health than
adults with lower incomes. Income also had a statistically significant association with the
rate of change in SRH (p ≤ .01), where adults with higher incomes experienced a slower
or less steep rate of change in SRH compared to adults with lower incomes.
The BMI intercept and the BMI slope were not statistically different for home
owners and non-home owners. The number of health conditions at baseline was 0.033
units lower for home owners than for non-owners (p ≤ .05). Home owners, on average,
had fewer health conditions than adults who did not own their home. However, the
health conditions slope was not statistically different for home owners and non-owners.
The ADL score at baseline for home owners was 0.051 units lower than that of non-home
owners (p ≤ .001). On average, home owners had lower levels of disability than did nonowners. The ADL trajectory was not statistically different for home owners compared to
non-owners. Finally, neither SRH at baseline nor the rate of change in SRH was
statistically different for home owners relative to non-home owners.
The number of living children had a positive relationship with the BMI intercept.
For each living child, the BMI intercept had a 0.049 unit increase (p ≤ .001). However,
the number of living children did not have a significant relationship with the BMI slope.
The number of living children also had a positive relationship with the health conditions
slope, where each living child predicted a 0.031 increase in the initial number of health
conditions (p ≤ .05). The number of living children did not significantly predict the
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change in the rate of health conditions. Neither the intercept nor the slope of disability
were statistically significant. The number of living children did have a positive
relationship with self-reported health. For each living child, the mean level of SRH
increased 0.024 units (p ≤ .05). The number of living children did not have a significant
association with the rate of change in SRH.
There was no significant difference in the BMI intercepts of those who are
married compared to those who are not married. However, the BMI slope was significant
(p ≤ .05), as BMI changed at a faster rate over time for married adults compared to
unmarried adults. In terms of health conditions, the number of health conditions at
baseline was 0.053 units lower for married adults compared to unmarried adults (p ≤ .01),
as married adults had fewer health conditions. There was not a significant difference in
the health conditions slope for married adults relative to unmarried adults. In terms of
disability, the ADL intercept was 0.051 units lower for married adults than for unmarried
adults (p ≤ .01). On average, married adults had lower levels of disability compared to
their unmarried counterparts. The rate of change in ADL scores was also significantly
different for married adults and unmarried adults (p ≤ .01), as the average rate of change
in disability for married adults was faster than that of unmarried adults. SRH at baseline
for married adults was less than that of unmarried adults (p ≤ .001). On average, married
adults reported worse SRH than unmarried adults in the initial wave. The rate of change
in SRH was faster for married adults compared to unmarried adults, suggesting a slightly
steeper trajectory in SRH over time (p ≤ .001).
The results indicate that there were no significant differences in either the BMI
intercept or slope between those living alone and those not living alone. There was a
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significant difference in the health conditions intercept. On average, adults who lived
alone had 0.045 fewer health conditions compared to adults who did not live alone (p ≤
.05). However, there was not a significant difference in the health conditions slope
between adults living alone and adults not living alone. In terms of ADL scores, the
results show that ADL scores at baseline for adults living alone was 0.066 units lower
than for adults who did not live alone (p ≤ .001). However, disability over time increased
at a faster rate with a steeper trajectory for adults who lived alone compared to adults
who do not live alone (p ≤ .001). SRH at baseline for adults who lived alone was 0.034
units lower than the SRH of adults who did not live alone (p ≤ .001). On average, adults
who lived alone reported worse SRH compared to adults who did not live alone. The
SRH of adults who lived alone changed at a faster rate than the SRH of adults who did
not live alone (p ≤ .001).
There were significant differences in the BMI intercepts between adults employed
full time and adults not employed full time. The mean BMI for adults employed full time
was 0.029 units higher than the mean BMI for adults not employed full time (p ≤ .05).
However, there was not a statistically significant difference in BMI slope for those
employed full time and those not employed full time. The number of health conditions at
baseline for adults employed full time was 0.042 units lower than the mean number of
health conditions for those not employed full time (p ≤ .01). This finding was expected
given that some health conditions may prevent people from working full time. The
health conditions slope, however, was not statistically different for those employed full
time compared to those who were not employed full time. For ADL scores, neither the
mean level nor the rate of change was statistically different for those employed full time
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relative to those not employed full time. Finally, SRH at baseline for the full-time
employed was 0.039 units higher than the SRH at baseline of those not employed full
time (p ≤ .001). Adults who were employed full time reported better SRH in the initial
wave than adults who were not employed full time. Over time, SRH changed at a slower,
or less steep, rate for full-time employed adults relative to those who were not employed
full time (p ≤ .01).
There was not a statistically significant difference in the BMI intercepts of adults
who worked in professional occupations and those who worked in other occupations.
However, the BMI slope was statistically significant (p ≤ .001). BMI over time changes
at a faster, or steeper, rate for adults who had worked in professional occupations than for
those adults who worked in other occupations. In terms of health conditions, the number
of health conditions at baseline for those in professional occupations was 0.052 units
higher than the number of health conditions for those in other occupations (p ≤ .001).
The rate of change in the number of health conditions was also significant (p ≤ .001).
Over time, the number of health conditions changed at a slower rate for adults in
professional occupations relative to adults in other occupations. The ADL intercept was
0.032 units higher for adults in professional occupations than for adults in other
occupations (p ≤ .01). On average, adults in professional occupations reported greater
levels of disability. There was also a significant difference between SRH intercepts for
those in professional occupations and those in other occupations. At baseline, SRH for
adults in professional occupations was 0.053 units higher than that of adults in other
occupations (p ≤ .001). On average, adults in professional occupations reported better
SRH than those adults in other occupations. The SRH for adults in professional
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occupations changed at a slower rate compared to the SRH of adults in other occupations
(p ≤ .001).
4.4.3

Covariate Associations for the CODA Cohort
Table 4.7 presents the relationships of the covariates to BMI, health conditions,

disability, and SRH for the CODA cohort. In terms of gender differences, only the mean
level of BMI for females was significantly different from that of males. The initial BMI
for females was 0.057 units lower than that of males at baseline (p ≤ .05). On average,
women had BMI scores below those of men.
The mean BMI of blacks was higher than that of non-blacks, as the starting BMI
of blacks averaged 0.082 units higher than that of non-blacks (p ≤ .001). However, the
rate of change in BMI for blacks was slower and less steep than that of non-blacks (p ≤
.001). There were no significant differences in either the intercepts or slopes of the
number of health conditions for blacks when compared to non-blacks. Likewise, blacks
did not differ significantly from non-blacks in either the ADL intercepts or slopes.
However, SRH at baseline for blacks was 0.047 units lower than that of non-blacks (p ≤
.01). On average, blacks reported worse SRH than non-blacks in the initial wave. The
rate of change in SRH for blacks was not significantly different from that of non-blacks.
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Table 4.7

Unstandardized Regression Coefficients for Covariates, CODA Cohort

Notes: *p≤.05; **p≤.01; ***p≤.001. n=2297.
BMI = Body mass index; ADL = Activities of daily living; SRH = self-rated health.
Corresponds to Full Model or Model 6 in Table 4.3.
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Education had an inverse relationship with BMI, where each additional year of
schooling predicted a 0.056 unit decrease in BMI at baseline (p ≤ .05). Adults with more
years of schooling reported lower BMI, on average, than their less educated counterparts.
However, the slope of the relationship between years of schooling and BMI was not
statistically significant. Education also had an inverse relationship with the initial
number of health conditions. For each additional year of schooling, there was a 0.051
unit decrease in initial number of health conditions (p ≤ .05). Adults with more years of
schooling reported fewer health conditions than their less educated peers. The slope of
the relationship between education and health conditions was not statistically significant,
however. There was an inverse relationship between education and ADL scores at
baseline. For each additional year of schooling, there was a 0.073 unit decrease in mean
disability (p ≤ .01), as adults with more years of schooling reported lower levels of
disability in the initial wave than did their less educated peers. There was also a
significant relationship between education and the rate of change in ADL scores; adults
with more years of schooling experienced a slower rate of change in disability than did
adults with fewer years of schooling. Education had a positive relationship with SRH at
baseline, as each additional year of schooling resulted in a 0.162 unit increase in SRH (p
≤ .001). Adults with more years of schooling reported better self-rated health than their
less educated peers. Education also had a significant association with the change in SRH
(p ≤ .001). SRH changed at a slower rate over time for adults with more years of
schooling compared to adults with fewer years of schooling.
The BMI intercept for Protestants was not significantly different from that of nonProtestants, although the rate of change in BMI for Protestants was faster or steeper
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relative to that of non-Protestants (p ≤ .01). The number of health conditions for
Protestants at baseline was 0.079 units higher than for non-Protestants (p ≤ .001).
Protestants reported more health conditions at baseline compared to non-Protestants.
There was also a statistically significant difference in the health conditions slope for
Protestants compared to non-Protestants, as the average rate of change in health
conditions over time is 0.010 units greater for Protestants than for non-Protestants (p ≤
.01). Protestants did not significantly differ from non-Protestants in terms of initial ADL
scores or the rate of change in ADL scores. Similarly, neither initial SRH nor the rate of
change in SRH for Protestants differed significantly from that of non-Protestants.
Age had an inverse relationship with BMI, where each additional year of age
predicted a 0.077 unit decrease in the BMI intercept (p ≤ .001). On average, older adults
reported lower BMI in the initial wave than did younger adults. Age also had a
significant relationship with the BMI slope (p ≤ .001), where BMI changed at a slower
rate over time for older adults compared to younger adults. Age had a positive and
significant relationship with health conditions, where each additional year of age
predicted a 0.056 increase in the initial number of health conditions (p ≤ .05). Adults at
older ages reported more health conditions, on average, than their younger peers.
However, age did not have a significant association with the rate of change in health
conditions. Age also did not have a significant effect on the mean ADL scores, but age
did have a significant association with the rate of change in ADL scores. Over time,
disability changed at a faster rate for older adults than for younger adults (p ≤ .01). Age
did not have a significant association with mean SRH or the rate of change in SRH.
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There was no significant difference in the mean BMI of non-smokers and current
or former smokers. However, the rate of change in BMI was significantly different
between non-smokers and current or former smokers (p ≤ .05). Over time, BMI changed
at a slower rate for adults who had never smoked than for adults who were current or
former smokers. The number of health conditions at baseline was 0.011 units lower for
non-smokers than for current or former smokers (p ≤ .001). On average, adults who had
never smoked reported fewer health conditions than adults who had smoked. The health
conditions slope was also statistically different for non-smokers and current or former
smokers. Over time, the number of health conditions changed at a slower rate for adults
who had never smoked, reflecting a wider gap in the number of health conditions
experienced by non-smokers relative to current or former smokers (p ≤ .05). In terms of
ADL scores, the results indicate that there was not a significant difference in the ADL
intercepts of non-smokers and current or former smokers; yet there was a significant
difference in the ADL slopes of non-smokers and current or former smokers. Disability
for adults who never smoked changed at a slower rate over time compared to current or
former smokers (p ≤ .01). The SRH for non-smokers at baseline was higher than that of
current or former smokers (p ≤ .05), as adults who had never smoked reported better
SRH, on average, than did current or former smokers in the initial wave. The rate of
change in SRH for non-smokers was also less steep than that of current or former
smokers (p ≤ .05). Over time, adults who had never smoked experienced a slower rate of
change in SRH compared to adults who were current or former smokers, reflecting a
wider gap in SRH between non-smokers and smokers.
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Physical activity had a negative association with BMI. The initial BMI for adults
who engaged in physical activity 3 or more times per week was 0.110 units lower than
the initial BMI of adults who engaged in physical activity fewer than 3 times per week (p
≤ .001). However, the BMI slope was not statistically different for adults who exercised
at least 3 times per week and those who exercised fewer than 3 times per week. The
number of health conditions at baseline was 0.143 units lower for adults who exercised at
least 3 times per week than for those who exercised fewer than 3 times per week (p ≤
.001). On average, adults who engaged in physical activity at least 3 times per week
reported fewer health conditions in the initial wave relative to adults who engaged in
physical activity fewer than 3 times per week. The health conditions slope was also
statistically different for those engaging in physical activity at least 3 times per week and
those engaging in physical activity fewer than 3 times per week (p ≤ .05). Over time, the
number of health conditions changed at a faster rate for adults who exercised at least 3
times per week relative to those who exercised fewer than 3 times per week. Adults who
engaged in physical activity at least 3 times per week had mean ADL scores that were
0.147 units lower than that of those engaging in physical activity fewer than 3 times per
week (p ≤ .001). There was also a significant difference in the ADL slope for the two
physical activity groups. ADL scores changed at a faster rate over time for those who
engaged in physical activity at least 3 times per week relative to those who engaged in
physical activity fewer than 3 times per week (p ≤ .001). Finally, SRH at baseline for
those who engaged in physical activity at least 3 times per week was 0.134 units higher
than the SRH of those who engaged in physical activity fewer than 3 times per week (p ≤
.001). On average, adults who exercised at least 3 times per week reported better self112

rated health than did their peers who exercised fewer than 3 times per week. There was
no significant difference in the rate of change in SRH for those who engaged in physical
activity at least 3 times per week relative to those who engaged in physical activity fewer
than 3 times per week.
Household income did not significantly predict the BMI intercept or slope; nor
did it predict the mean number of health conditions. However, income did have a
significant relationship with the health conditions trajectory. Adults with higher incomes
experienced a faster rate of change in the number of health conditions compared to adults
with lower household income (p ≤ .05). Household income did not have a significant
association with ADL scores at baseline or the rate of change in ADL scores. Income
had a significant and positive relationship with the SRH intercept. For every dollar
increase in income, there was a 0.040 unit increase in SRH (p ≤ .05). Adults with higher
incomes reported better self-rated health, on average, than did adults with lower incomes.
And income had a significant relationship with the rate of change in self-rated health (p ≤
.05). Over time, adults with higher incomes experienced a slower rate of change in SRH
than their poorer peers.
The BMI intercept was statistically different for home owners and non-home
owners. The BMI at baseline was 0.059 units higher for home owners than for adults
who were not home owners (p ≤ .01). On average, home owners reported higher BMI
than non-owners. However, there was not a statistically significant difference in the rate
of change in BMI for owners compared to non-owners. Furthermore, the intercepts and
slopes for health conditions, disability, and SRH for home owners were not significantly
different from those of non-owners.
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The number of living children had a positive relationship with the BMI intercept.
For each living child, the BMI averaged a 0.060 increase (p ≤ .01). However, the number
of living children did not have a significant relationship with the BMI slope.
Furthermore, the number of living children did not significantly influence initial levels or
rates of change in health conditions, disability, or SRH.
There was no significant difference in mean BMI or in the rate of change in BMI
for married adults compared to unmarried adults. The number of health conditions at
baseline was 0.084 units lower for married persons than for unmarried persons (p ≤ .05).
On average, married adults reported fewer health conditions than did unmarried
counterparts. However, there was not a significant difference in the rate of change in
health conditions for married adults compared to unmarried adults. Similarly, the
disability intercepts and slopes and the SRH intercepts and slopes for married adults were
not significantly different from those of unmarried adults.
There were also few significant differences between adults who live alone and
those who do not live alone. BMI changed at a faster rate over time for adults who live
alone relative to those not living alone (p ≤ .001). Also, the mean level of disability was
0.019 units lower for adults living alone compared to those not living alone (p ≤ .05). On
average, adults living alone reported lower levels of disability compared to adults who do
not live alone. The rate of change in ADL scores was significantly different for adults
living alone and those not living alone. Over time, adults who live alone experienced a
faster rate of change in disability compared to those not living alone (p ≤ .05).
There was no statistically significant difference in BMI intercepts and BMI slopes
for those employed full time and those not employed full time. However, the number of
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health conditions at baseline for those employed full time was 0.055 units lower than the
number of health conditions for those not employed full time (p ≤ .05). This finding was
expected because some health conditions may prevent people from working full time.
However, the rate of change in health conditions over time was not statistically different
for those employed full time compared to those not employed full time. Furthermore,
mean disability and the rate of change in disability were not significantly different for
those employed full time relative to those not employed full time. Similarly, SRH at
baseline and the rate of change in SRH for the full-time employed do not differ
significantly from those not employed full time.
There was no statistically significant difference in the BMI of those in
professional occupations and those in other occupations. However, the BMI slope was
statistically significant (p ≤ .01), as BMI of adults in professional occupations changed at
a faster, or steeper, rate than for those in other occupations. There was not a significant
difference in mean health conditions or in the rate of change in health conditions for
those in professional occupations and those in other occupations. Similarly, there was
not a significant difference in mean disability or the rate of change in disability for those
in professional occupations and those in other occupations. There was also no significant
difference in mean SRH for those in professional occupations and those in other
occupations. However, the rate of change in SRH was significantly different for adults in
professional occupations compared to adults in other occupations (p ≤ .01). Over time,
SRH changes at a faster rate for adults in professional occupations than for those in other
occupations.
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4.4.4

Covariate Associations for the War Baby Cohort
Table 4.8 presents the relationships of the covariates to BMI, health conditions,

disability, and SRH for the War Baby cohort. The BMI of females at baseline does not
differ significantly from that of males. However, the rate of change in BMI for females
was significantly different from that of males (p ≤ .01). Over time, the BMI of women
changed at a faster rate compared to that of men. Neither the number of health conditions
nor the rate of change in the number of health conditions differed significantly for
females compared to males. Females had ADL scores that were 0.058 units lower than
those of males (p ≤ .001). Women, on average, reported lower levels of disability
relative to males in the initial wave. The rate of change in ADL scores for females was
significantly different from that of males (p ≤ .05). Over time, women experience a faster
rate of change in disability than do men. SRH for females at baseline did not differ
significantly from that of males. Similarly, the rate of change in SRH for females was
not significantly different from that of males.
The mean BMI of blacks was higher than that of non-blacks. On average, the
starting BMI of blacks was 0.080 units higher than that of non-blacks (p ≤ .01).
However, the BMI of blacks changed at a slower rate compared to that of non-blacks (p ≤
.01). The number of health conditions for blacks at baseline was 0.050 units higher than
for non-blacks (p ≤ .05). Blacks, on average, reported a greater number of health
conditions than did non-blacks in the initial wave. However, the rate of change in health
conditions was not significantly different for blacks relative to non-blacks. Furthermore,
blacks and non-blacks did not differ significantly in terms of the mean ADL scores or the
rate of change in ADL scores over time. Blacks and non-blacks did differ in terms of
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SRH at baseline. For blacks, SRH at baseline was 0.043 units lower than that of nonblacks (p ≤ .05). On average, blacks reported worse SRH than non-blacks in the initial
wave. The rate of change in SRH for blacks did not differ significantly from that of nonblacks.
Education had an inverse relationship with the mean BMI, where each additional
year of schooling predicted a 0.101 unit decrease in the BMI intercept (p ≤ .001).
Persons with the highest years of schooling had, on average, a lower initial BMI. The
relationship between years of schooling and the rate of change in BMI over time,
however, was not statistically significant. Education also had an inverse relationship with
health conditions. For each additional year of schooling, there was a 0.081 unit decrease
in initial BMI (p ≤ .01). Persons with more years of schooling reported fewer health
conditions, on average, in the initial wave. Furthermore, the relationship between
education and the rate of change in health conditions was statistically significant (p ≤
.05). Adults with more years of schooling experienced a slower rate of change in the
number of health conditions. In terms of disability, education did not have a statistically
significant relationship with ADL scores at baseline or the rate of change in ADL scores.
Education did have a positive relationship with SRH at baseline. Each additional year of
schooling was associated with a 0.177 increase in mean SRH (p ≤ .001). Adults with
more education reported better self-rated health at baseline than did their less educated
peers. However, education was not significantly related to the rate of change in SRH.
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Table 4.8

Unstandardized Regression Coefficients for Covariates, WB Cohort

Notes: *p≤.05; **p≤.01; ***p≤.001. n=1966.
BMI = Body mass index; ADL = Activities of daily living; SRH = self-rated health.
Corresponds to Full Model or Model 8 in Table 4.3.
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Religious affiliation did not have a significant relationship with the intercepts or
slopes for any measure, net of other variables. There were no significant differences
between Protestants and non-Protestants in terms of the mean BMI, the rate of change in
BMI, the mean number of health conditions, the rate of change in health conditions, the
mean level of disability, the rate of change in disability, mean SRH, or the rate of change
in SRH.
Age did not have a significant relationship with the intercepts or slopes of any
measure, net of other variables in the model. Age is not significantly related to BMI.
Age also is not significantly related to the mean number of health conditions, the
trajectory of health conditions, mean disability, the rate of change in disability, mean
SRH, or the rate of change in SRH.
That BMI for non-smokers, on average, was greater than that of current or former
smokers (p ≤ .01). The mean BMI for non-smokers was 0.077 units higher than the mean
BMI of current or former smokers. However, the rate of change in BMI was slower for
adults who had never smoked than for current or former smokers (p ≤ .01). The number
of health conditions at baseline was 0.079 units lower for non-smokers than for current or
former smokers (p ≤ .001). Adults who never smoked reported fewer health conditions in
the initial wave than did their peers who were current or former smokers. The trajectory
for health conditions, however, did not statistically differ between non-smokers and
current or former smokers. Similarly, there was no significant difference in disability at
baseline or in the trajectory of disability between non-smokers and current or former
smokers. SRH for non-smokers at baseline also did not differ significantly from that of
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current or former smokers; however, the rate of change in SRH for non-smokers was
faster than the rate of change in SRH for current or former smokers (p ≤ .05).
Physical activity had a negative association with BMI. The mean BMI for adults
who engaged in physical activity at least 3 per week was 0.144 units lower than the mean
BMI of adults who engaged in physical activity fewer than 3 times per week (p ≤ .001).
However, the rate of change in BMI was not significantly different for those who
exercised at least 3 times per week and those who exercised fewer than 3 times per week.
The number of health conditions at baseline was 0.098 units lower for adults who
engaged in physical activity at least 3 times per week than for those engaging in physical
activity fewer than 3 times per week (p ≤ .001). Adults who exercised at least 3 times per
week had fewer health conditions in the initial wave compared to adults who did not
exercise at least 3 times per week. There was no significant difference in the rate of
change in health conditions between those engaging in physical activity at least 3 times
per week and fewer than 3 times per week. Adults who exercised at least 3 times per
week had disability scores that were 0.115 units lower than the scores of adults who
exercised fewer than 3 times per week (p ≤ .001). Furthermore, adults who exercised at
least 3 times per week experienced a faster rate of change in disability than did adults
who exercised fewer than 3 times per week (p ≤ .001). SRH at baseline for adults who
engaged in physical activity at least 3 times per week was 0.072 units higher than of
adults engaging in physical activity fewer than 3 times per week (p ≤ .001). On average,
adults who exercise at least 3 times per week reported better self-rated health than their
peers who exercised fewer than 3 times per week. However, the rate of change in SRH
did not differ significantly between the two groups.
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Household income was not a significant predictor of BMI, health conditions,
disability, or self-rated health, net of other variables in the model. And the results show a
significant difference between home owners and non-owners for one measure only.
Disability at baseline was 0.049 units lower for home owners compared to non-owners (p
≤ .05). Home owners reported lower levels of disability than adults who were not home
owners in the initial wave.
Similarly, the number of living children had a significant relationship with only
one measure in the table. Adults with a greater number of living children experienced a
slower rate of change in BMI in the initial wave (p ≤ .05). The number of living children
was not significantly related to the means or trajectories of BMI, health conditions,
disability, or SRH.
There were no significant differences in mean BMI or the trajectory of BMI
between married and unmarried adults. The number of health conditions at baseline also
did not differ significantly for married persons relative to unmarried persons. However,
married adults experienced a faster rate of change in the number of health conditions over
time compared to their unmarried counterparts (p ≤ .001). ADL scores were 0.060 units
lower for married persons than for non-married persons (p ≤ .05). On average, married
adults had lower levels of disability than unmarried adults. However, the rate of change
in ADL scores did not differ significantly between married and unmarried persons. There
was no significant difference in mean SRH between the married and non-married, but
there was a significant difference in the rate of change in SRH (p ≤ .05). Married adults
experienced a greater rate of change in self-rated health over time compared to their
unmarried peers.
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There were a few significant differences between those living alone and those
who did not live alone. The mean BMI for adults living alone did not differ significantly
from that of adults who did not live alone. However, the rate of change in BMI for those
living alone was significantly lower than that for adults who did not live alone (p ≤ .05).
The mean number of health conditions for adults who lived alone was 0.029 units lower
than for those not living alone (p ≤ .01). Adults who lived alone reported fewer health
conditions in the initial wave compared to adults who did not live alone. Furthermore,
there was a significant relationship between living alone status and the rate of change in
health conditions. Adults who lived alone experienced a faster rate of change in health
conditions than did their peers who did not live alone (p ≤ .05).
Mean BMI was not significantly different for those employed full time and those
not employed full time. However, there was a significant difference in the rate of change
in BMI between adults employed full time and those not employed full time (p ≤ .05).
Over time, the average rate of change in BMI was faster, or steeper, for adults employed
full time compared to those not employed full time. The number of health conditions at
baseline for those employed full time was 0.186 units lower than that for those not
employed full time (p ≤ .001). Adults who were employed full time reported fewer health
conditions than did those not employed full time. This finding was expected because
some health conditions may prevent people from working full time. The rate of change
in health conditions was also statistically different for those employed full time compared
to those who were not employed full time (p ≤ .001). Adults working full time
experienced a faster rate of change in the number of health conditions over time
compared to adults who did not work full time. In terms of ADL scores, the mean level
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of disability for those employed full time was 0.163 units lower than for those not
employed full time (p ≤ .001). Again, this finding was expected as disability may prevent
full time employment. However, the rate of change in disability over time did not
significantly differ between the full-time employed and those not employed full time.
SRH at baseline for the full-time employed was 0.092 units higher than that of those not
employed full time (p ≤ .001). Adults who were employed full time reported better SRH
than the adults who were not employed full time. Over time, SRH for those employed
full time changed at a slower rate than the SRH of those not employed full time (p ≤
.001).
Although there was no statistically significant difference in the mean level of BMI
between those in professional occupations and those in other occupations, the rate of
change in BMI was significantly different. Over time, the BMI of adults working in
professional occupations changed at a faster rate than the BMI for those in other
occupations (p ≤ .01). There were no significant differences in the mean health
conditions, the rate of change in health conditions, the mean disability, the rate of change
in disability, the mean self-rated health, and the rate of change in self-rated health
between those in professional occupations and those in other occupations.
4.4.5

Covariate Associations for the EBB Cohort
Table 4.9 presents the relationships of the covariates on the means and rate of

change in BMI, health conditions, disability, and SRH for the Early Baby Boomer cohort.
There is little evidence of gender differences, as only SRH at baseline was significantly
different for females compared to males. The SRH for women at baseline was 0.034
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units higher than that of males (p ≤ .05); on average, women reported better SRH than
men in the initial wave.
The mean BMI of blacks was higher than that of non-blacks. The starting BMI of
blacks averaged 0.108 units higher than that of non-blacks (p ≤ .001). Furthermore, BMI
for blacks changed at slower rates than that of non-blacks (p ≤ .01). Neither the mean
number of health conditions nor the rate of change in health conditions differed
significantly for blacks and non-blacks. Similarly, the mean disability score for blacks
did not differ significantly from that of non-blacks, but disability over time changed at a
slower rate for blacks compared to non-blacks (p ≤ .05). There were also no significant
differences between blacks and non-blacks in terms of initial SRH or the trajectory of
SRH.
Education had an inverse relationship with mean BMI. Each additional year of
schooling predicted a 0.063 unit decrease in the initial BMI (p ≤ .01). Adults with the
highest years of schooling, on average, reported lower BMI at baseline. However, the
relationship between years of schooling and the rate of change in BMI was not
statistically significant. Education was not significantly related to the mean level of
health conditions, but the relationship between education and the health conditions slope
was statistically significant (p ≤ .05). The rate of change in health conditions over time
declined at a faster rate for those with the highest years of schooling. Education had an
inverse relationship with the disability at baseline. For each additional year of schooling,
there was a 0.062 unit decrease in the mean level of disability (p ≤ .01). On average,
adults with the most years of schooling reported lower levels of disability than their less
educated peers. Furthermore, adults with more years of schooling experienced a slower
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rate of change in disability over time (p ≤ .05). Education also had a positive relationship
with SRH at baseline; each additional year of schooling predicted a 0.186 increase in
mean SRH (p ≤ .001). Adults with the most years of schooling reported better SRH on
average. Furthermore, SRH changed at a slower rate for adults with higher levels of
education compared to their less educated peers (p ≤ .01).
There were no significant differences in the mean level of BMI or the rate of
change in BMI between Protestants and non-Protestants. However, the number of health
conditions for Protestants at baseline was 0.065 units higher than that for non-Protestants
(p ≤ .001). Change in the number of health conditions over time occurred at a slower rate
for Protestants compared to non-Protestants (p ≤ .01). There were no significant
differences in the mean level of disability or the rate of change in disability between
Protestants and non-Protestants. SRH at baseline was 0.033 units higher for Protestant
compared to non-Protestants (p ≤ .05). On average, Protestants reported better self-rated
health than non-Protestants in the initial wave. However, the rate of change in SRH was
not significantly different for Protestants compared to non-Protestants.
Age was not significantly related to either the mean level of BMI or the trajectory
of BMI. Age had a positive and significant relationship with health conditions intercept,
where each additional year in age predicted a 0.060 increase in the initial number of
health conditions (p ≤ .01). On average, adults at older ages in the initial wave reported
more health conditions than their younger peers. However, age did not have a significant
relationship with the rate of change in the number of health conditions. Age also did not
have a significant relationship with the mean level of disability, although age was
significantly related to the rate of change in disability. For adults at older ages, disability
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over time changed at a faster rate compared to the rate of change in disability for younger
adults in the cohort (p ≤ .05). Age did not have a significant relationship with the mean
level of SRH or the rate of change in SRH.
The mean BMI of non-smokers was 0.039 units greater than that of current or
former smokers (p ≤ .05). Adults who have never smoked had higher BMI on average
compared to adults who were current or former smokers. The rate of change in BMI,
however, did not significantly differ between non-smokers and current or former
smokers. Non-smokers reported fewer health conditions compared to current or former
smokers. The mean number of health conditions was 0.118 units lower for non-smokers
than for current or former smokers (p ≤ .001). However, the rate of change in health
conditions was not statistically different for non-smokers and current or former smokers.
Similarly, there were no significant differences in the mean level of disability and the rate
of change in disability between non-smokers and current or former smokers. SRH for
non-smokers at baseline was 0.037 units higher than that of current or former smokers (p
≤ .05). On average, adults who never smoked reported better SRH than did current and
former smokers in the initial wave. There was no significant difference in the trajectory
of SRH over time between non-smokers and current or former smokers.
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HRS cohort
Model 1
Model 2
High
Some
School
College+
0.244 *** 0.228 ***
0.010 *** 0.008 **
0.065 *
0.009 *
−0.022
0.004
0.007 **
0.007 *
−0.015
−0.036
−0.018
−0.071 **
0.000
0.005 *
0.034
0.043

AHEAD cohort
Model 3
Model 4
High
Some
School
College+
0.147 *** 0.085 **
0.003
0.004
−0.265 *** −0.263 ***
−0.009
0.000
0.002
−0.001
−0.206 *** −0.237 ***
−0.018
−0.057 **
0.001
0.005
−0.136 *** −0.088

Unstandardized Regression Coefficients, Education Groups, by Cohort

BMI intercept --> HC intercept
BMI intercept --> HC slope
BMI slope --> HC slope
BMI intercept --> ADL intercept
BMI intercept --> ADL slope
BMI slope --> ADL slope
BMI intercept --> SRH intercept
BMI intercept --> SRH slope
BMI slope --> SRH slope
Notes: *p≤.05; **p≤.01; ***p≤.001.
HC = Health condition index; ADL = activities of daily living index; SRH = self-rated health; BMI = body mass index.
HRS = Health & Retirement Study initial cohort; AHEAD = Assets & Health Dynamics Cohort.

Table 4.9
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BMI intercept --> HC intercept
BMI intercept --> HC slope
BMI slope --> HC slope
BMI intercept --> ADL intercept
BMI intercept --> ADL slope
BMI slope --> ADL slope
BMI intercept --> SRH intercept
BMI intercept --> SRH slope
BMI slope --> SRH slope

Table 4.9 (Continued)
CODA cohort
WB cohort
EBB cohort
Model 5
Model 6
Model 7
Model 8
Model 9
Model 10
High
Some
High
Some
High
Some
School
College+
School
College+
School
College+
0.224 *** 0.167 *** 0.375 *** 0.307 *** 0.251 *** 0.279 ***
−0.003
0.006
0.000
0.010 *
0.027 **
0.011
−0.528
−0.044
−0.262
−0.148
−0.079
−0.310
0.110 **
0.060
0.047
0.094 **
0.130 **
0.079 **
−0.008
−0.003
0.002
0.000
0.012
−0.037 **
−0.647
−0.478 **
0.205
0.041
0.014
−0.577
0.015
−0.037
−0.002
−0.098 *** −0.042
−0.081 ***
0.002
0.013
−0.002
−0.001
−0.013
−0.002
−0.016
−0.253
1.027 *
0.145
0.166
−0.044

Although initial BMI did not have a significant association with initial disability
for either education subgroup, initial BMI did have a positive association with the
trajectory of disability. For those with a high school diploma, higher BMI at baseline had
a positive and significant (p ≤ .01) association with the rate of change in disability
(β=0.007). Similarly, for those with at least some college, higher BMI at baseline had a
positive and significant (p ≤ .05) relationship with the rate of change in disability
(β=0.007). However, the rate of change in BMI was not significantly related to the rate
of change in disability for either subgroup.
For those with a high school diploma, BMI at baseline was not significantly
related to SRH at baseline or the rate of change in SRH. The BMI trajectory also was not
significantly related to the SRH trajectory for those with a high school diploma.
However, for those with at least some college, a higher initial BMI predicted a lower
initial SRH (β=-0.071, p ≤ .01) and a slightly steeper rate of change in SRH (β=0.005, p ≤
.05). The rate of change in BMI was not significantly related to the rate of change in
SRH for those with at least some college.
The goodness-of-fit statistics for Model 1, shown in Table 4.11, indicate a
reasonably good fit. The normed fit index (NFI) is 0.978; the non-normed fit index
(NNFI) is 0.977; the comparative fit index (CFI) is 0.980; and the incremental fit index
(IFI) is 0.980. For each of these indices, values range from 0 to 1, where 0 indicate no fit
and 1 indicates perfect fit. Values in the fit indices greater than 0.90 indicate a good
model fit. For Model 2, the goodness-of-fit statistics also indicate a reasonably good fit.
The NFI is 0.974; the NNFI is 0.972; the CFI and the IFI each are 0.977.
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0.977

0.980

0.980

12119

1849

NNFI

CFI

IFI

AIC

BIC

717

10760

0.977

0.977

0.972

0.974

Model 2

7778

15621

0.907

0.907

0.888

0.902

Model 3

-359

7319

0.951

0.951

0.941

0.943

Model 4

AHEAD cohort

-1002

3711

0.944

0.944

0.925

0.933

Model 5

-959

3749

0.932

0.932

0.909

0.920

Model 6

CODA cohort

-1686

2911

0.963

0.963

0.950

0.951

Model 7

-1987

2848

0.978

0.978

0.971

0.971

Model 8

WB cohort

-781

1084

0.980

0.979

0.959

0.970

Model 9

-857

1161

0.990

0.990

0.980

0.986

Model 10

EBB cohort

Notes: HRS = Health & Retirement Study initial cohort; AHEAD = Assets & Health Dynamics Cohort; CODA = Children of the
Depression Age cohort; WB = War Baby cohort; EBB = Early Baby Boomer cohort.
AIC = Akaike information criterion; BIC = Bayesian information criterion; NFI = normed fit index; NNFI = non-normed fit index;
CFI = comparative fit index; IFI = incremental fit index.

0.978

Model 1

HRS cohort

Goodness of Fit Statistics, Education Groups, by Cohort

NFI

Table 4.10
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Estimates of the direct relationships of BMI with health conditions, ADL scores,
and SRH for AHEAD cohort by educational attainment subgroup are shown in Model 3
(high school diploma) and Model 4 (at least some college) of Table 4.10. For those with
a high school diploma, higher BMI at baseline had a positive and significant (p ≤ .001)
relationship with higher initial number of health conditions (β=0.147). Similarly, the
model for those with at least some college indicated that higher BMI at baseline had a
positive and significant relationship with higher initial number of health conditions
(β=0.085, p ≤ .01). The relationship of initial BMI with the initial number of health
conditions for the at least some college subgroup was somewhat less than that for the
high school diploma subgroup. Furthermore, the rate of change in BMI was significantly
(p ≤ .001) related to the rate of change in health conditions for the high school diploma
subgroup (β=-0.265) and the at least some college subgroup (β=-0.263). For both
subgroups, those with a larger increase in BMI over time experienced a steeper decline in
the number of health conditions over time. This finding suggests that, net of all other
variables in the model, increasing BMI in the later years of life could potentially protect
against chronic conditions, regardless of educational attainment.
Only the rate of change in BMI had a statistically significant (p ≤ .001)
relationship with the rate of change in the number of health conditions for both
subgroups. Gaining more weight over time predicted a slower rate of change in disability
for the high school diploma subgroup (β=-0.206) and the at least some college subgroup
(β=-0.237).
For SRH, just the rate of change in BMI had a statistically significant (p ≤ .001)
relationship with the rate of change in SRH (β=-0.136) for the high school diploma
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subgroup. Gaining more weight over time predicted a slower rate of change in SRH
health for adults with a high school education.
The goodness-of-fit statistics for Model 3, shown in Table 4.11, indicate a
somewhat good fit, as the NFI, CFI, and IFI are 0.902, 0.907, and 0.907, respectively.
The NNFI is 0.888, falling just below the benchmark of 0.900; however, given that the
other fit indices surpass the benchmark, the overall fit of the model is somewhat good.
For Model 3, the goodness-of-fit statistics indicate a good fit. The NFI is 0.943; the
NNFI is 0.941; the CFI and the IFI each are 0.951.
Estimates of the direct relationships of BMI with health conditions, disability, and
SRH for the CODA cohort by educational attainment subgroup are shown in Model 5
(high school diploma) and Model 6 (at least some college). For those with a high school
diploma, a higher BMI at baseline was positively and significantly (p ≤ .001) related to
the initial number of health conditions (β=0.224). Similarly, the model for those with at
least some college indicated that a higher BMI at baseline was positively and
significantly related to the initial number of health conditions (β=0.167, p ≤ .001). For
both subgroups, a higher initial BMI predicted a higher initial number of health
conditions; but the relationship between initial BMI on the initial number of health
conditions for the at least some college subgroup was weaker than that for the high
school diploma subgroup.
Initial BMI was significantly (p ≤ .01) related to the initial number of ADL tasks
that were carried out with any degree of difficulty for the high school diploma subgroup
(β=0.110). A higher BMI at baseline predicted a higher ADL score for the high school
subgroup only. However, for the at least some college subgroup, the rate of change in
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BMI was significantly (p ≤ .01) related to the rate of change in disability (β=-0.478). A
larger increase in BMI over time predicted a slower decline in disability over time for the
at least some college subgroup.
Neither the BMI intercept nor slope were significantly related to the SRH
intercept or slope in either education subgroup.
The goodness-of-fit statistics for Model 5, shown in Table 4.11, indicate a good
fit. The NFI is 0.933; the NNFI is 0.925; the CFI and the IFI each are 0.944. For Model
6, the goodness-of-fit statistics also indicate a good fit. The NFI is 0.920; the NNFI is
0.909; the CFI and the IFI each are 0.932.
Estimates of the direct associations of BMI with health conditions, disability, and
SRH for the War Baby cohort by educational attainment subgroup are shown in Model 7
(high school diploma) and Model 8 (at least some college). For those with a high school
diploma, a higher BMI at baseline had a positive and significant (p ≤ .001) relationship
with the initial number of health conditions (β=0.375). Similarly, the model for those
with at least some college indicated that a higher BMI at baseline was positively and
significantly related to the initial number of health conditions (β=0.307, p ≤ .001). For
both subgroups, a higher initial BMI predicted a higher initial number of health
conditions; but the effect of initial BMI on the initial number of health conditions for the
at least some college subgroup was weaker than that for the high school diploma
subgroup. Initial BMI also was significantly (p ≤ .05) related to the rate of change in
health conditions (β=0.010) for the at least some college subgroup. A higher BMI at
baseline predicted a greater, although relatively flat, rate of change in the number of
health conditions for those with at least some college.
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Initial BMI had a statistically significant (p ≤ .01) relationship with the initial
number of ADL tasks that were carried out with any degree of difficulty for the at least
some college subgroup (β=0.094). A higher BMI at baseline predicted a higher ADL
score for those with at least some college, but not for those with a high school diploma.
Initial BMI had a statistically significant (p ≤ .01) relationship with initial SRH
for the at least some college subgroup (β=-0.098). A higher BMI at baseline predicted
lower SRH for those with at least some college, but not for those with a high school
diploma.
The goodness-of-fit statistics for Model 7, shown in Table 4.11, indicate a good
fit. The NFI is 0.951; the NNFI is 0.950; the CFI and the IFI each are 0.963. For Model
8, the goodness-of-fit statistics indicate a reasonably good fit. The NFI and NNFI are
each 0.971; the CFI and the IFI each are 0.978.
Estimates of the direct relationships of BMI with health conditions, disability, and
SRH for the Early Baby Boomer cohort by educational attainment subgroup are shown in
Model 9 (high school diploma) and Model 10 (at least some college). For those with a
high school diploma, a higher BMI at baseline had a positive and significant (p ≤ .001)
relationship with the initial number of health conditions (β=0.251). Similarly, for those
with at least some college, a higher BMI at baseline had a positive and significant
relationship with the initial number of health conditions (β=0.279, p ≤ .001). For both
subgroups, a higher initial BMI predicted a higher initial number of health conditions; but
the effect of initial BMI on the initial number of health conditions for those with at least
some college was stronger than that of the high school diploma subgroup. Initial BMI
was also significantly (p ≤ .01) related to the rate of change in health conditions
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(β=0.027) for the high school diploma subgroup. A higher BMI at baseline predicted a
greater, although somewhat flat, rate of change in the number of health conditions for
those with a high school diploma.
Initial BMI had a statistically significant (p ≤ .01) relationship with the initial
number of ADL tasks that were carried out with any degree of difficulty for the high
school diploma subgroup (β=0.130) and the at least some college subgroup (β=0.079).
Regardless of educational attainment, a higher BMI at baseline predicted a higher ADL
score, although the effect was stronger for those with a high school diploma compared to
those with at least some college. However, for the at least some college subgroup, initial
BMI had a statistically significant (p ≤ .01) relationship with the rate of change in
disability (β=-0.037). A larger increase in BMI over time predicted a steeper decline in
disability over time for those with at least some college.
Initial BMI had a statistically significant (p ≤ .001) relationship with initial SRH
for the at least some college subgroup (β=-0.081). A higher BMI at baseline predicted
worse SRH for those with at least some college, but not for those with a high school
diploma.
The goodness-of-fit statistics for Model 9, shown in Table 4.11, indicate a
reasonably good fit. The NFI is 0.970; the NNFI is 0.959; the CFI is 0.979; and the IFI is
0.980. For Model 10, the goodness-of-fit statistics also indicate a reasonably good fit.
The NFI is 0.986; the NNFI is 0.980; the CFI and the IFI each are 0.990.
To test if the differences in the relationship between BMI and SRH were
statistically significant by educational attainment subgroups across cohorts, chi-squared
difference tests were computed in Microsoft Excel using the chi-squared (χ2) statistic and
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the degrees of freedom (df) from the models presented in Table 4.10. The χ2 value of the
model with the fewest factors was subtracted from the χ2 value of the model with the
greater number of factors. The difference in degrees of freedom between the models was
also calculated. The differences in χ2 and df were then used to calculate a p-value.
Results of the tests are presented in Table 4.12. The top half of the table shows the
differences in the chi-squared statistics among cohorts for the high school diploma
models. Essentially, the differences among all cohorts are statistically significant (p ≤
.05). The only exception is the difference between the CODA cohort high school
diploma and the WB cohort high school diploma. However, significant χ2 values in latent
growth curve modeling indicate that the groups are more similar. The results for the at
least some college models, shown in the lower half of Table 4.11, are similar. Again, the
differences among all cohorts are statistically significant (p ≤ .05), with the exception of
the difference between the CODA cohort at least some college and the WB cohort at least
some college.
4.5

Conclusion
This chapter presented the descriptive statistics and the results of the latent growth

curve models. The results provide insight into the relationships between body mass and
morbidity differs by measure across cohorts of adults age 51 or older. The relationship of
education to changes in BMI and morbidity measures over time was also examined. The
following chapter discusses these findings and their implications, the limitations of this
study, and future research directions.
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3560*
8360*
9160*
10939*

AHEAD

CODA

WB

EBB

-----3383*
6963*
7864*
9503*

HRS

AHEAD

CODA

WB

EBB

At Least Some College

------

HRS

HRS

*p≤.05

6120*

4481*

3580*

------

14499*

12720*

11920*

------

AHEAD

Chi-Squared Difference Tests, Education Groups

High School Degree

Table 4.11
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2540*

901

------

2579*

800

------

CODA

1639*

------

1779*

------

WB

------

------

EBB

CHAPTER V
CONCLUSION

5.1

Introduction
This dissertation examined the relationship of BMI to changes over time for three

indicators of health – health conditions, disability, and self-rated health – for adults over
the age of 50 in the United States in five different birth cohorts using longitudinal data
from the Health and Retirement Study. A discussion of the analytical findings from
Chapter 4 is presented in section 5.2. Next, the theoretical and methodological
implications of the findings are outlined in section 5.3. Limitations of this dissertation
research are discussed in section 5.3. The chapter concludes by identifying the directions
for future research in section 5.4.
5.2

Discussion
The theoretical framework for this research proposed that BMI was directly

related to three indicators of health – health conditions, disability, and self-rated health.
Additionally, it was proposed that changes in BMI over time were directly related to
changes over time in the three indicators of health. Within this framework, it was argued
that health conditions and disability each function as mediators in the relationship
between body mass and self-rated health status. A second step in the analyses examined
the influence of education on BMI and each of the three health indicators. Subsequently,
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the effect of body mass on health was examined by education subgroups to determine if
the effect of education on health is weakening. Several hypotheses were presented in
Chapter 2, and the status of each is discussed in the subsequent sections and summarized
in Table 5.1.
Hypothesis 1 – adults with higher initial BMI had been diagnosed with more
health conditions than adults with lower initial BMI – was fully supported for all cohorts.
This finding was expected as previous literature has indicated that BMI has a direct effect
on multiple health conditions (Crimmins 2004; Crimmins et al. 2010) and that adults with
higher BMIs, compared to those with lower BMIs, are at greater risk for various health
conditions, such as diabetes, heart disease, and some cancers (Bray 2004; Field et al.
2001; Must et al. 1999). Despite this finding, reverse causation is possible as a greater
number of health conditions may contribute to higher BMIs, particularly since weight
gain is a side effect of some prescription medications (Leslie et al. 2007). Very few
studies have found that body mass is markedly affected by health conditions and
prescription medication (Leslie et al. 2007), so it is likely that the direction proposed here
is stronger. Nonetheless, since the reverse direction in the relationship between BMI and
the number of health conditions was not tested, further investigation is warranted.
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Initial BMI is associated with the rate of change
in self-rated health status.
Increasing BMI is associated with the rate of change in
self-rated health status.
Adults with greater levels of educational attainment
have lower BMI, fewer health conditions, lower levels
of disability, and better self-rated health status.

Hypothesis 8

Hypothesis 7

Hypothesis 6

+ = positive association; - = negative association

Hypothesis 11

Hypothesis 10

Hypothesis 9

Adults with at least some college have lower BMI,
fewer health conditions, lower levels of disability, and
better self-rated health status than adults with a high
school education only.

Initial BMI is associated with the rate of change in
disability.
Increasing BMI is associated with the rate of change in
disability.
Initial BMI is negatively associated with self-rated
health status.

Hypothesis 5

Hypothesis 4

Hypothesis 3

Hypothesis 2

Initial BMI is positively associated with the number of
health conditions.
Initial BMI is associated with the rate of change in the
number of health conditions.
Increasing BMI is associated with the rate of change in
the number of health conditions.
Initial BMI is positively with initial disability.

Summary of Hypotheses Tested

Hypothesis 1

Table 5.1
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The results for the effect of initial BMI on the change over time in the number of
health conditions only partially support Hypothesis 2, where individuals with higher
initial BMIs experience a faster rate of change in the number of health conditions. The
hypothesis was supported for three of the five cohorts – HRS, War Baby (WB), and Early
Baby Boomer (EBB) cohorts. Coincidentally, these are the three younger cohorts in the
analyses. Each of these three cohorts entered the study with greater mean BMI than the
AHEAD and CODA cohorts and with fewer initial health conditions. This finding may
simply be a reflection of the differences in mean values. Previous literature has
suggested that BMI levels off around age 65 (Botoseneau and Liang 2011; Flegal et al.
2010), so for the HRS, WB, EBB cohorts, it is possible that the higher mean BMIs
suggest greater variability. Conversely, it is possible that there is less variability around
the mean BMI for the AHEAD and CODA cohorts due to their lower initial BMIs.
Because the AHEAD and CODA cohorts were over the age of 65 when first interviewed,
the rate of change in the number of health conditions had likely leveled off. Previous
research has shown an increase in the prevalence of chronic health conditions among
adults age 65 or older (Christensen et al. 2009; Verbrugge 1984).
Hypothesis 3 – greater weight gain over time resulted in a faster rate of change in
the number of health conditions – was not supported in any cohort. The lack of support
for this hypothesis potentially suggests that initial body mass is more meaningful than
changes over time.
The results also indicated partial support for Hypothesis 4, as adults in the CODA,
WB, and EBB cohorts with higher initial BMIs were more likely to experience some
level of disability compared to adults with lower initial BMIs. The onset of some
141

difficulty with mobility is increasing among persons age 50 or older (Iezzoni et al. 2001),
and this finding may reflect that for the WB and EBB cohorts (the youngest cohorts in the
analyses). Although adults with higher initial BMI experience difficulty with any of the
five activities of daily living, the analysis did not examine if an individual activity, such
as difficulty walking across a room, was a contributor to the finding. This finding may be
indirectly linked to a specific health condition, but only the number of health conditions,
not specific health conditions, was examined as a mediator. Additional investigation is
warranted, especially since adults with higher initial BMIs also experienced a greater
initial number of health conditions. The initial number of health conditions functions as a
mediator in the relationship between BMI and disability for all three cohorts for which
the hypothesis is supported. This mediating relationship is consistent with a few studies
that have found that health conditions function as predictors of disability (Crimmins
2004; Himes 2000; Kelley-Moore 2006). Finally, it is possible that initial disability may
influence initial BMI; thus, reverse causality needs to be tested in future research.
Similarly, the results partially supported Hypothesis 5, where initial BMI had a
direct effect on the change over time in disability for the HRS and EBB cohorts only.
However, the direction of the effect was positive for the HRS cohort, where the
magnitude of the increase in disability is widening over time between those with higher
initial BMI and those with lower initial BMI. For the EBB cohort, the change over time
in disability is narrowing as adults with higher initial BMI report significantly less steep
increases in disability compared to adults with lower initial BMI. These findings suggest
that adults with lower BMIs in the HRS cohort manage to stave off disability, while
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adults with higher BMI in the EBB cohort (the youngest cohort) manage to maintain their
level of disability.
Hypothesis 6 – magnitude of change over time in BMI effects on the magnitude
of change over time in disability – was partially supported. The results for two oldest
cohorts – AHEAD and CODA – indicated that adults who gained more weight over time
saw a slower rate of change in disability over time. That is, adults with lower starting
body weights who gained weight over time experienced a faster rate of change in
disability over time. There are several possible explanations for this finding. First, it
could be that higher BMI protects against increased disability, particularly for adults in
these two cohorts given their advanced age. Alternatively, adults who gained more
weight over time may have done so because of an existing disability. Thus a potential
reverse causation could explain the slower rate of change in disability for adults who
gained more weight during the study. However, it could also be that body mass has a
stronger association with a particular activity of daily living, something that this research
did not investigate.
Adults with higher starting BMI reported worse self-rated health than those with
lower body weight for all cohorts, except the AHEAD and CODA cohorts. This finding
generally supports previous studies linking excess body mass to negative health outcomes
(Crimmins et al. 2010; Ferraro and Yu 1995; Mokdad et al. 2003). It is possible that the
lack of evidence for the older cohorts is attributable to a selection effect as heavier or
unhealthier adults for those cohorts may not have survived to older ages, and were thus
excluded in the data. Adults with higher starting body mass in the AHEAD cohort
reported better self-rated health than leaner adults. This difference from the younger
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cohorts may be due to the lower starting body mass of the AHEAD cohort. But it could
also be that adults at older ages consider excess body mass a positive when evaluating
their own health, particularly as they may witness frailty among their peers (Borawski,
Kinney and Kahana 1996; Kelley-Moore et al. 2006). Or the excess body mass at older
ages could be attributable to greater muscle mass and bone density. Essentially, excess
body mass may be perceived as healthiness among adults age 70 or older. Furthermore,
the relationship holds true when considering the mediating effects of health conditions
and disability.
Additionally, adults in the AHEAD cohort with higher starting BMI experienced a
slower decline in self-rated health than adults with lower starting BMI, suggesting that
higher BMI among adults in the oldest cohort is perceived as healthy. Or adults with
higher starting BMI perceive themselves as very active relative to their peers or to their
own individual notions about aging (Bryant, Corbett and Kutner 2001; Kelley-Moore et
al. 2006).
Adults in the HRS, AHEAD, and WB cohorts who underwent the greatest weight
gain over time experienced a slower decline in self-rated health. Although this finding
suggests that weight gain for older adults (such as the AHEAD cohort) may be perceived
as healthy, it is not necessarily the case across all cohorts. Given the association between
starting BMI and both starting and changing SRH, it is not surprising that weight gain
improves perceived health status. However, for the HRS and WB cohorts, this finding
seems more difficult to understand. Given that an individual’s perception of their own
health status is influenced by more than the presence of a health problem or disability,
perhaps weight gain is not perceived as particularly unhealthy when overweight and
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obesity are becoming the norm in American society. This is only speculation, but clearly
the relationship between individual weight gain and self-rated health status needs further
explanation.
The second step of the analyses focused on the effect of education on health, as
education generally confers a protective effect on health. Highly educated adults tend to
engage in health-seeking behaviors that reduce the risk of obesity, chronic health
conditions, and disability (Ferraro and Yu 1995; Ross and Wu 1995). The findings
regarding education vary across cohorts. Adults with more years of schooling had lower
starting BMIs compared to their less educated counterparts across all cohorts, supporting
prior research that adults with higher levels of educational attainment are less likely to be
overweight or obese (Botoseneanu and Liang 2011; Ferraro and Yu 1995). There was no
evidence in any cohort that adults with more years of schooling experienced a slower
increase in body mass compared to those with fewer years of education.
Adults with more years of schooling also had fewer health conditions than their
less educated counterparts, in all but the EBB cohort. Although previous research has
indicated that higher levels of educational attainment stave off chronic health conditions
(Farmer and Ferraro 2005; House, Kessler and Herzog 1990; Schoeni et al. 2001), this
lack of relationship for the EBB cohort could indicate that the protective effect of
education is weakening since this group had the highest mean level of education out of
the observed cohorts.
Another observation that was not consistent across cohorts was the relationship
between education and disability. Adults with more years of schooling had lower levels
of disability than did those with fewer years of schooling in all but the WB cohort. The
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WB cohort did begin with the lowest overall mean disability, but this mean was not
substantially different from that of the HRS or EBB cohorts.
Alternatively, adults with more years of schooling reported better self-rated health
than did less educated adults across all cohorts. Each of these findings supports previous
research that the highly educated report better self-rated health (Farmer and Ferraro 2005;
House, Kessler and Herzog 1990; Schoeni et al. 2001).
The final part of the analyses stratified each cohort by educational attainment
subgroups to determine if the associations established in the first part of the analyses
continued to hold true. As was previously established, adults with higher staring BMI
reported more health conditions compared to adults with lower starting BMI across all
cohorts, regardless of educational attainment. The magnitude of the effect did differ by
subgroup. Adults with only a high school education experienced a greater increase in the
number of health conditions in all cohorts, except the EBB cohort, the youngest and the
best educated cohort in the study. This finding may indicate that the protective effect of
education on health is weakening.
Adults with higher starting BMI experienced faster growth in the number of
health conditions compared to those with lower starting body weights. However, this
relationship was not consistent across cohorts or education groups. For the HRS cohort,
this finding held true, regardless of education group. For the WB cohort, this finding
held true for adults with at least some college education. For the EBB cohort, this finding
was observed for adults with a high school degree only. Although the mean number of
health conditions did not differ significantly across these three youngest cohorts, an
exploration of the individual health conditions may shed some light on the
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inconsistencies across these younger cohorts. For example, it could be that It could also
be, at least for the EBB cohort, that the protective effect of education on health is
weakening.
The relationship between BMI and disability was inconsistent. Adults with higher
starting body weights experienced a greater level of disability compared to adults with
lower starting body weights. This finding held true for adults with a high school degree
in the CODA cohort, adults with at least some college in the WB cohort, and for adults in
both educational groups in the EBB cohort. The findings in the two youngest cohorts
may again support the idea that the protective effect of education is weakening, although
the magnitude of the effect is substantially greater for the high school subgroup.
However, as discussed previously, reverse causation should be examined in future
research to understand more about the relationship between BMI and disability.
Adults with higher starting BMI experienced faster increases in disability than
adults with lower starting BMI in the HRS cohort, regardless of education subgroup.
This finding is consistent with previous research that the likelihood of disability was
greatest for the obese (Lang et al. 2008). Conversely, adults with higher starting body
weight in the some college subgroup of the EBB cohort experienced a slower increase in
disability than their leaner peers. This finding for the EBB cohort may indicate that the
onset of disability occurs earlier for overweight or obese adults (Al Snih et al. 2007),
despite a higher level of education. It may also indicate that education’s protective effect
on health is weakening since leaner adults in the most educated subgroup in the youngest
cohort are experiencing a faster rate of increase in disability.

147

Adults who experienced the greatest weight gain experienced a slower increase in
disability in the two oldest cohorts. In the AHEAD cohort, the magnitude of the effect
was very similar for the two education subgroups, suggesting that higher BMI may
protect against disability. In the CODA cohort, the effect was significant only for adults
with some college, potentially reflecting the protective effect of education. Adults with
higher levels of education may have staved off weight gain until their later years, and this
later weight gain may have reduced the risk of disability. However, reverse causality
should be explored as a possible explanation for these findings, along with the individual
assessment of each of the activities of daily living tasks within the disability measure.
Furthermore, individual health conditions should also be examined as potential
explanations for these findings.
Adults with at least some college and with higher starting BMIs experienced
worse self-rated health than their leaner peers in four of the five cohorts (the CODA
cohort is the only exception). For those four cohorts, it does seem that education failed to
protect against worsening health. Adults with at least some college in the HRS cohort
who had higher starting BMIs faced a slower decline in SRH than their leaner peers.
This finding suggests that although these adults reported worse self-rated health than their
leaner peers, the perceived health of the leaner peers declined more rapidly over the study
period.
Adults with only a high school diploma in the HRS cohort who experienced the
greatest weight gain faced a slower decline in self-rated health than their leaner peers.
Conversely, adults with only a high school diploma in the WB cohort who underwent the
greatest weight gain experienced a faster decline in self-rated health than their leaner
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peers. Although neither of these findings particularly support a weakening in education’s
effect on health, they do indicate the importance of understanding the relationship of
changing BMI over time to changes in SRH.
5.3

Implications and Contributions
This study, to my knowledge, was the first to model and estimate the pathways

between BMI and SRH as outlined in the conceptual framework presented in Chapter 2.
Previous studies noted the importance of a longitudinal analysis of cohort differences in
the effect of obesity on health (Himes 2000; Alley and Chang 2007; Reuser et al. 2009).
This study conducted such an analysis, primarily focusing on the direct pathways
between BMI and three measures of morbidity. The study observed a very strong
association between BMI and health conditions. The link between BMI and SRH was
less consistent. Changing attitudes about normal BMI may be altering perceptions of
individual health status.
The findings from this research also suggested that higher BMI reduced the risk
of disability, whereas a few recent studies found a greater likelihood of disability for
adults of higher BMI (Al Snih et al. 2007; Alley and Chang 2007; Lang et al. 2008;
Reynolds and McIlvane 2008; Reynolds, Saito, and Crimmins 2005). Unfortunately, the
measurement of disability was not consistent across studies, and many of these studies
were also cross-sectional rather than longitudinal. Clearly the link between body mass
and disability needs to be explored further in order to completely explain the findings in
this dissertation.
Additionally, the conceptual framework used in this research provides an
important contribution to the study of BMI and health. This framework may be valuable
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in understanding more about the relationship between BMI and health across the life
course or in the study of life course transitions. Because this research emphasized the
direct pathways between BMI and health, the framework would be useful to study the
indirect pathways between BMI and the health. This framework may also be beneficial
when investigating the contribution of particular health conditions or disability measures
to the relationship between BMI and SRH.
5.3.1

Compression, Expansion or Dynamic Equilibrium?
The findings may contribute to competing theoretical perspectives on changing

patterns of morbidity among older adults. First, the compression of morbidity theory
essentially argues that increases in life expectancy during the 20th century are linked to a
delay in the onset of sickness or disability; thus, morbidity is temporally compressed and
adults spend fewer years living with disability (Fries 1980). Although attrition was not
included in the models, it does seem unlikely that a compression of morbidity is
occurring, particularly considering the low level of attrition in the HRS overall.
Furthermore, even in the younger cohorts, adults had experienced an average of at least
one health condition and higher BMIs. However, all cohorts reported relatively good
SRH regardless of the presence of health conditions or overweight and obesity. Still, a
compression of morbidity is unlikely and the presence of health conditions and
overweight and obesity will likely not reduce future health care costs. Fries (1996) also
argued that a compression of morbidity may occur for certain subgroups. This research
examined health based on education subgroups; yet the results did not show a
postponement of chronic health conditions, despite previous research’s link between
higher education and health-seeking behaviors. Furthermore, it is unlikely that a
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compression of morbidity will occur with increases in body mass across cohorts and over
time.
The expansion of morbidity theory (Gruenberg 1977; Olshansky et al. 1991) is
more likely supported by these findings since more adults are living longer (based on the
low attrition rate) and living longer with chronic conditions. While the onset of illness
does not seem to be occurring at later ages, the onset of disability does seem to be
delayed. But the expansion of morbidity theory also argues that medical technology
allows individuals to live to older ages by delaying death from earlier diagnosed
conditions. The early diagnosis of health conditions and corresponding treatments may
be consequences of such medical technology. One explanation for the possible
expansion of morbidity is the increasing BMI by cohort. Alley and Chang (2007) found
evidence to support the expansion of morbidity theory, but among the obese only. Thus,
as the prevalence of obesity increases, it may be less detrimental to overall health as
individuals engage in healthier lifestyles, such as seeking medical treatment.
A third theory, the dynamic equilibrium theory, argues that despite increased life
expectancy, medical technology and intervention and healthier lifestyles delay the onset
and progression of morbidity and disability (Manton 1982). There is little evidence to
support this theory since there appears to be no delay in the onset of health conditions.
There may be partial support for this theory seen in a potential delay in the onset of
disability. A study of adults age 70 or older conducted by Freedman and Martin (2000)
found that chronic conditions increased, while the onset of disability was delayed.
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5.3.2

The Protective Effect of Education
The protective effect of education on health has long been established in the

social science and health disparities literatures, but increases in educational attainment
may be altering the effect of obesity on health (Alley and Chang 2007). The changing
trends in body mass and education may explain changing trends in health and disability
(Martin, Schoeni, and Andreski 2010). A few cross-sectional studies have observed the
weakening of education’s protective effect on health. Martin, Schoeni, and Andreski
(2010) found that the effect of educational attainment on health was declining for persons
age 40-64. Himes and Reynolds (2005) found that the protective effect of higher
educational attainment is declining, due to dramatic increases in obesity in the adult
population with the highest levels of education. Reynolds and Himes (2007) found
evidence of declines in the likelihood of being obese in later born cohorts in the adult
population, regardless of education. Thus, it is important to consider how educational
attainment shapes the effect of obesity on morbidity and disability over time. The effect
of education on BMI and health was mostly consistent across cohorts. More years of
schooling was generally associated with lower BMI, fewer health conditions, lower levels
of disability, and better SRH, as well as a slower decline in SRH. When the data were
stratified by educational attainment, the youngest and best educated cohort (EBB) did
seem to not benefit from the increased level of education.
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5.3.3

Methodological Implications
One of the key innovations of this research is the use of a conditional multivariate

latent growth curve model with factor regressions. There is a plethora of cross-sectional
research on body mass and health (e. g, Reuser et al. 2009, Alley and Chang 2007), yet
very few longitudinal studies. Latent growth curve modeling is a method used by very
few existing studies of health among social scientists, although notable exceptions are
Kelley-Moore and Ferraro (2004) and Zajacova and Burgard (2010); yet this method
allows for the study of changes over time in body mass and health. Additionally, to my
knowledge, no study has used a multivariate latent growth curve model (LGCM) to
examine the effect of body mass on changes in health. Thus, the use of multivariate
LGCM makes a unique contribution to research on health by capturing change in the
independent variable and dependent variables during the study. Examining the
relationship between body mass and health across distinct cohorts also enhances our
understanding of change across groups.
5.4

Limitations
The limitations of this dissertation research are primarily related to the data and

methods. First, the HRS data may not have been the ideal data source for this study,
although the HRS is a nationally representative longitudinal sample of adults age 51 or
older for five distinct entry cohorts in the 20th century United States. The rate of attrition
is very low in the HRS, but the varying entry points of each cohort are problematic. Only
the youngest two cohorts are comparable in terms of age at entry. Many measures
included in the analyses were also not consistent by wave of data, so some of the
covariates, such as physical activity, were measured in atypical ways that may have not
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yielded optimal results. Other data sources, such as the National Health Interview Survey
or the Established Populations for Epidemiological Studies of the Elderly should be
considered in future research.
Another limitation concerns the measurement of the time variable used in the
latent growth curve models. Time was measured by wave of data rather than by age.
Restructuring the data where time was measured by age would have allowed for an
examination of age-specific differences in the effect of BMI on SRH over time.
However, the time variable was not measured as age because of a greater likelihood of
experiencing a nonpositive definite covariance matrix in the output. Essentially,
restructuring the data with age as the time variable would make analysis problematic by
creating more missing data.
The use of self-reported height and weight to calculate BMI is another limitation
because a number of studies have indicated that self-reported height and weight are not
accurately reported (Kuczmarski et al. 2001; Nieto-García, Bush and Keyl 1990; Nyholm
et al. 2007), particularly among persons age 60 or older (Kuczmarski et al. 2001).
Women are more likely to underestimate their weight, while men are more likely to
overestimate their height, although the degree of under or overestimation varies by race
(Nyholm et al. 2007). I found two previous studies that included an adjusted BMI
statistic (Antecol and Bedard 2006; Cawley 2004). Each of these studies used a method
for adjusting self-reported height and weight as detailed by Lee and Sepanski (1995) and
Bound, Brown and Mathiowetz (2001). Future research should use this method to agesex-race adjust height and weight from the HRS data to minimize possible reporting bias.
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A key limitation of the analyses was the use of time invariant covariates. All
covariates were measured at baseline only, which may have biased the overall results.
Some covariates, such as race and gender, are truly time invariant. However, other
covariates, such as income, employment status, and marital status, are time variant as
they may change at each time of measurement. Treating time variant measures as time
invariant is common in the literature (Kelley-Moore and Ferraro 2004; Zajacova and
Burgard 2010). Modeling time variant measures was, unfortunately, problematic,
resulting in multicollinearity. Future research should continue to seek the best methods
and models for time variant covariates.
Another important limitation was the exclusion of a non-random attrition variable.
Although attrition among living respondents is relatively low in the HRS, attrition due to
respondent death may be substantial due to the age of the respondents, particularly
respondents in the AHEAD cohort. A longitudinal study by Kelley-Moore and Ferraro
(2004) included an attrition variable using the method outlined by Heckman (1977) and
Berk (1983). This method should be used in future research to avoid the possibility of
selection bias.
The treatment of missing data may have yielded slightly biased results. Pairwise
deletion was used in these analyses, but it may have slightly biased the results, although it
does depend on the pattern of missing data. Following the method outlined by Bollen
and Curran (2006), if the probability of missing data is related to that of other missing
data, then the results are likely to be biased. Conversely, if the probability of missing
data is unrelated to that of other missing data, then listwise deletion of missing cases
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would not bias the results. Future research should thoroughly investigate on the patterns
of missing data to verify the appropriate method to address missing data.
In terms of the theoretical framework and modeling, the causal direction between
some measures may be bidirectional. Reverse causation is also possible; thus, alternate
or additional directions should be explored in future research to determine if there are
significant relationships.
The models estimated in this analysis relied on a conditional multivariate latent
growth curve model with factor regressions. Bollen and Curran (2006) have noted that a
conditional latent growth curve model with factor covariances may yield different results.
Thus, the results may improve by slight modifications in the types of associations
between the variables.
Although the model fit was good overall, there is room for improvement. The
measurement and number of covariates should be re-evaluated to improve upon the
model fit. Since parsimony is desirable in structural equation modelling (Schumacker
and Lomax 2004), the study would likely benefit from fewer covariates.
A final limitation concerns the measurement of health conditions and disability.
While the total number of health conditions is included, the effects of individual health
conditions are not considered. A particular health condition could affect the significance
of the results. Similarly, the effects of a particular activity of daily living could affect the
significance of the results. Furthermore, the results by cohort may be influenced by
different health conditions or ADLs.
Addressing each of these limitations in future research would likely improve the
study. This study could also be expanded in several other ways, as discussed below.
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5.5

Future Research
In the current study, BMI is measured as a continuous variable. Changing the

measurement of BMI to a categorical variable (underweight, normal weight, overweight,
and obese) may produce different results. Future research could investigate if this change
in measurement of BMI would alter the results by comparing the results of the continuous
measure of BMI.
This dissertation research did attempt to examine education differences in the
relationship between BMI and SRH. Future research should further stratify the education
groups to examine gender and race specific differences in BMI on SRH. This is
especially important because of gender and race differences in education and health
(Flegal et al. 2010; Rogers 1992). Although Zajacova and Burgard (2010) examined
race-sex specific differences in the effect of BMI on SRH in the transition from younger
to middle adulthood, their model did not include the effects of health conditions and
disability. This future research has implications for the cumulative disadvantage and
health disparities literature.
Many of the future research directions concern the use of time variant covariates.
Marital status changes over time, so it is possible that a change from married to divorced,
separated, or widowed may influence BMI or SRH. Remarriage may also alter one’s
BMI or SRH. Marriage, like education, has a protective effect on health, as it likely
reduces stress, provides caregiving, reduces risky behaviors, and provides greater
material resources (Ross et al. 1990). Divorce and widowhood negatively affect health
(Carroll et al. 2010). Divorce may be less detrimental to the health of younger cohorts
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because of increases in health-seeking behaviors. This future research has implications
for our understanding of cumulative disadvantage over the life course.
Another future study might investigate the effect of changing income on pathways
between BMI and SRH, particularly in the transition from middle to older adulthood. As
people retire, exit the workforce, or alter their employment status, their incomes may
change. Income, like education, has been consistently found to be a significant predictor
of health. Lower incomes have been strongly linked to declines in health (House et al.
1990; Wilkinson 1992). Increasing levels of income among older adults may be altering
the pathways between body mass and health. Modeling household income as a time
variant predictor in the transition from middle to older adulthood has implications for the
cumulative disadvantage and health disparities literature.
Differences in smoking status may also exist. The current study included a
dummy variable for smoking that was simply measured as never smoked. Given that
current and former smokers have differing health outcomes, differences by smoking
status – current, former, and never – should be further examined. Lower prevalence of
smoking among adults in younger cohorts may also alter pathways between body mass
and health in unprecedented ways. This future research also has implications for the
cumulative disadvantage and health disparities literature, and could shed more light on
the health benefits of quitting smoking.
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INDIRECT PATHWAYS TABLES
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HRS cohort
Model 1
Model 2
w/
Basic
Covariates
0.305 *** 0.251 ***
0.000
0.001
0.220 *** 0.223 ***
−0.400 *** −0.369 ***
0.008 *** 0.006 ***
−0.321 *** −0.324 ***
−0.433 *** −0.324 ***
0.003 *** 0.000
−0.395 *** −0.373 ***

AHEAD cohort
Model 3
Model 4
w/
Basic
Covariates
0.316 *** 0.278 ***
−0.011 *** −0.011 ***
0.251 *** 0.273 ***
−0.321 *** −0.310 ***
0.013 *** 0.013 ***
−0.215 *** −0.202 ***
−0.577 *** −0.587 ***
0.024 *** 0.021 ***
−0.489 *** −0.521 ***

Unstandardized Regression Coefficients, Reduced and Full Models, by Cohort

HC intercept --> ADL intercept
HC intercept --> ADL slope
HC slope --> ADL slope
HC intercept --> SRH intercept
HC intercept --> SRH slope
HC slope --> SRH slope
ADL intercept --> SRH intercept
ADL intercept --> SRH slope
ADL slope --> SRH slope
Notes: *p≤.05; **p≤.01; ***p≤.001.
HC = Health condition index; ADL = activities of daily living index; SRH = self-rated health; BMI = body mass index.
HRS = Health & Retirement Study initial cohort; AHEAD = Assets & Health Dynamics Cohort.
Basic models do not include any covariates. Effects of covariates on each slope and intercept are shown in Tables 4.5 to 4.6.
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HC intercept --> ADL intercept
HC intercept --> ADL slope
HC slope --> ADL slope
HC intercept --> SRH intercept
HC intercept --> SRH slope
HC slope --> SRH slope
ADL intercept --> SRH intercept
ADL intercept --> SRH slope
ADL slope --> SRH slope

Table A.1 (Continued)
CODA cohort
Model 5
Model 6
w/
Basic
Covariates
0.264 *** 0.219 ***
−0.002
−0.003
0.402 *** 0.393 ***
−0.375 *** −0.343 ***
0.025 *** 0.021 ***
−0.121 *
−0.129 *
−0.447 *** −0.365 ***
−0.014 *
−0.019 *
−0.866 *** 0.838 ***

WB cohort
Model 7
Model 8
w/
Basic
Covariates
0.358 *** 0.267 ***
0.003
0.008
0.216 *** 0.231 ***
−0.437 *** −0.385 ***
0.007
0.006
−0.400 *** −0.371 ***
−0.341 *** −0.267 ***
−0.003
−0.371
−0.386 *** −0.003 ***

EBB cohort
Model 9
Model 10
w/
Basic
Covariates
0.314 *** 0.233 ***
0.014
0.017 *
0.322 *** 0.291 ***
−0.444 *** −0.389 ***
0.017 *
0.012
−0.379 *** −0.349 ***
−0.369 *** −0.253 ***
0.018
0.006
−0.268 *** −0.239 ***

INDIRECT PATHWAYS TABLES EDUCATION SUBGROUPS
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HRS cohort
AHEAD cohort
Model 1
Model 2
Model 3
Model 4
High
Some
High
Some
School
College+
School
College+
0.226 *** 0.244 *** 0.300 *** 0.217 ***
−0.003
0.005 *
−0.013 ** −0.009 *
0.195 *** 0.195 *** 0.334 *** 0.161 ***
−0.388 *** −0.384 *** 0.385 *** 0.297 ***
0.006 **
0.006 *
−0.026 *** −0.006
−0.300 *** −0.346 *** 0.099 **
0.360 ***
−0.391 *** −0.326 *** 0.467 *** 0.663 ***
0.009 ** −0.006
0.001
−0.038 ***
−0.447 *** −0.391 *** 0.475 *** 0.479 ***

Unstandardized Regression Coefficients, Education Groups, by Cohort

HC intercept --> ADL intercept
HC intercept --> ADL slope
HC slope --> ADL slope
HC intercept --> SRH intercept
HC intercept --> SRH slope
HC slope --> SRH slope
ADL intercept --> SRH intercept
ADL intercept --> SRH slope
ADL slope --> SRH slope
Notes: *p≤.05; **p≤.01; ***p≤.001.
HC = Health condition index; ADL = activities of daily living index; SRH = self-rated health; BMI = body mass index.
HRS = Health & Retirement Study initial cohort; AHEAD = Assets & Health Dynamics Cohort.
Effects of covariates are shown in Appendix C, Table C.1.
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Table B.1 (Continued)
CODA cohort
Model 5
Model 6
High
Some
School
College+
0.185 *** 0.131 **
0.011
0.010
0.252 *** 0.456 ***
−0.410 *** −0.321 ***
0.032 *** 0.033 ***
−0.216 **
0.076
−0.306 *** −0.427 ***
−0.040 ** −0.033
−0.787 *** −1.147 ***

WB cohort
Model 7
Model 8
High
Some
School
College+
0.245 *** 0.267 ***
−0.002
0.002
0.144 *
0.238 ***
−0.463 *** −0.411 ***
0.020 *
0.001
−0.349 *** −0.403 ***
−0.307 *** −0.198 ***
−0.027 *
−0.004
−0.611 *** −0.254 ***

EBB cohort
Model 9
Model 10
High
Some
School
College+
0.239 *** 0.248 ***
−0.019
0.040 ***
0.276 **
0.215 ***
−0.418 *** −0.422 ***
0.021
0.024 *
−0.408 ** −0.327 ***
−0.344 *** −0.212 ***
0.007
−0.018
−0.358 ** −0.217 ***

HC intercept --> ADL intercept
HC intercept --> ADL slope
HC slope --> ADL slope
HC intercept --> SRH intercept
HC intercept --> SRH slope
HC slope --> SRH slope
ADL intercept --> SRH intercept
ADL intercept --> SRH slope
ADL slope --> SRH slope
Notes: *p≤.05; **p≤.01; ***p≤.001.
HC = Health condition index; ADL = activities of daily living index; SRH = self-rated health; BMI = body mass index.
CODA = Children of the Depression Age cohort; WB = War Baby cohort; EBB = Early Baby Boomer cohort.
Effects of covariates are shown in Appendix C, Table C.1.
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0.018
0.009
0.055 ***
0.025

0.015
−0.018

0.030 *
0.090 ***
0.074 ***

0.001
−0.001
−0.003

0.002
0.002

0.038 *
−0.050 ***
0.004
−0.003

Intercept

0.001

0.003
0.004
0.000
−0.003

0.000
−0.007 ***
0.001
−0.005 **

0.000
−0.001

0.000
−0.001

Slope

At Least Some College

−0.005 **
−0.002

Slope

Own Home
0.046 ***
0.000
−0.006
Living Children
0.004 *
−0.001
Married
0.018
−0.005 *
Lives Alone
0.024
Employed Full Time
0.050 ***
0.001
Occupation (Prof.)
0.027 *
0.002
Notes: *p≤.05; **p≤.01; ***p≤.001.
HRS = Health & Retirement Study initial cohort

0.010
0.012
0.034 **
0.092 ***

0.086 ***
−0.045 ***
−0.008

Intercept

High School

HRS Cohort

Unstandardized Regression Coefficients, Education Groups with Covariates, All Cohorts

Female
Black
Protestant
Age
Never Smoked
Physical Activity
Income

Table C.1
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Female
Black
Protestant
Age
Never Smoked
Physical Activity
Income

Table C.1 (Continued)

0.000
−0.043 *

0.051 **
−0.025
−0.048 *
−0.025

−0.031

Intercept

0.005
0.000
0.012 ***
−0.002
−0.003
−0.009 *
−0.013 **
0.003
0.010 ***

0.001
0.002
0.000
−0.005

0.086 **
0.037
−0.059 **
−0.017

−0.024
−0.012

0.019
−0.021
−0.044 *
−0.040 *
0.000
−0.035

−0.037

Intercept

0.004
−0.002
−0.024 ***
−0.013 **
0.008 **
0.004

0.001
0.009 **
0.000
0.003

0.002
−0.012 ***
−0.005

Slope

At Least Some College

AHEAD Cohort
Slope

High School

Own Home
0.026
−0.028
Living Children
−0.024
Married
Lives Alone
0.004
−0.037 *
Employed Full Time
−0.048 **
Occupation (Prof.)
Notes: *p≤.05; **p≤.01; ***p≤.001.
AHEAD = Assets & Health Dynamics Cohort
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Female
Black
Protestant
Age
Never Smoked
Physical Activity
Income

Table C.1 (Continued)

0.053
−0.055 *
−0.005
0.028
0.025
0.144 ***
0.030

Intercept

0.002
−0.010
−0.001
−0.007

0.010
−0.008

−0.019 **
−0.012

Slope

High School

0.026
0.025 ***
0.050

0.002
0.064 *
−0.004

0.037
−0.020
0.026
−0.022
0.023
0.145 ***
0.044

Intercept

−0.014
0.015
0.013
0.005
−0.003

0.012
−0.005
0.003
−0.014
−0.007

−0.001
0.012
−0.011

Slope

At Least Some College

CODA Cohort

Own Home
0.036
Living Children
0.004
0.001
−0.013
Married
0.030
−0.002
Lives Alone
0.018
Employed Full Time
0.024
−0.008
Occupation (Prof.)
0.019
0.006
Notes: *p≤.05; **p≤.01; ***p≤.001.
CODA = Children of the Depression Age cohort
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Female
Black
Protestant
Age
Never Smoked
Physical Activity
Income

Table C.1 (Continued)

0.031
0.051
0.048
−0.036

0.000
−0.090 **
−0.016
−0.001

Intercept

0.006
0.000
0.013
0.003
−0.019 *
−0.015

0.001

0.009
0.002
0.006
0.019 *
−0.003

−0.004

0.022
0.008
0.082 **
0.050 *

0.015
−0.011

0.021
0.243
0.045

−0.010
−0.029

0.048 *
−0.011

Intercept

0.003
0.006
0.002
0.004
−0.015 **
0.007

0.008

−0.006
0.002
0.006
0.002
0.004
−0.003

Slope

At Least Some College

WB Cohort
Slope

High School

Own Home
Living Children
−0.010
Married
0.022
Lives Alone
0.065
Employed Full Time
0.077 **
Occupation (Prof.)
0.065 *
Notes: *p≤.05; **p≤.01; ***p≤.001.
WB = War Baby cohort
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Female
Black
Protestant
Age
Never Smoked
Physical Activity
Income

Table C.1 (Continued)

0.065 *
0.000
−0.021
0.021
0.030
0.129 ***
0.056

Intercept

−0.012
0.022
0.020
0.007
−0.002

0.012
0.004
0.017
−0.006
−0.014

0.003
0.001
−0.001
**
***
*

*

0.104 ***
−0.006
0.006
0.002
0.063 **
0.016

0.008
−0.054
0.034
−0.016
0.051
0.133
0.051

Intercept

0.000
−0.010
0.008

−0.001
−0.002

0.010
0.001
0.013
0.009
0.000
−0.014 *
0.007
−0.011

Slope

At Least Some College

EBB Cohort
Slope

High School

Own Home
0.061
Living Children
−0.008
Married
0.025
Lives Alone
0.032
Employed Full Time
0.061
Occupation (Prof.)
0.076 *
Notes: *p≤.05; **p≤.01; ***p≤.001.
EBB = Early Baby Boomer cohort.
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